■av 


*r^- 


22900305766 


Med 

K16152 


TV 


PM".  — 


f- 

( 

t 

[■ 


A 


#• 


I 


N ; 


/ 


b 


\ 


MICRO-ORGANISMS  AND  DISEASE. 


MICKO-OEGANISMS  AND  DISEASE 


AI7 

INTRODUCTION  INTO  THE  STUDY  OF 
SPECIFIC  MICRO-ORGANISMS. 


BY 

E.  KLEIN,  M.D.,  F.R.S., 

Joint  Lecturer  on  General  Anatomy  and  Physiology  in  the  Medical  School  oj 
St.  Bartholomew’s  Hospital,  London. 


WITH  io8  ENGRAVINGS. 


SECOND  EDITION. 


bonbon : 

MACAIILLAN  AND  CO. 
1885. 


Eichabd  Clay  & Sons, 
PRINTERS, 

BREAD  STREET  HILL,  LONDON,  E.C., 
ana  at  Dungau,  Suffolk. 


VVELLCOI'ai:  IMSTITUTE 
LIB'^ARY 

Coll. 

welMOmec 

C41II 

No. 

TO 


JOHN  SIMON,  C.B.,  D.O.L.,  LL.D,,  F.KS., 

THIS  BOOK 

|s  lespfctfttllg  gfbkatib 
BY 


THE  AUTHOE. 


PREFACE. 


The  following  book,  with  few  additions,  is  a reprint  of  a 
series  of  articles  that  have  appeared  in  the  Practitioner  (1884). 
Not  pretending  to  be  in  any  sense  an  exhaustive  treatise 
it  will,  I hope,  nevertheless  serve  to  illustrate  most  of 
the  important  points  bearing  on  investigations  into  the 
life  history  of  micro-organisms  connected  with  infectious 
diseases. 

I must  not  omit  to  mention  that  most  of  the  investi- 
gations recorded  here  were  carried  out  for  the  Medical 
Department  of  the  Local  Government  Board  during  the  past 
ten  years. 
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MICRO-ORGANISMS  AND  DISEASE. 


INTRODUCTION. 

The  relation  of  micro-organism.?  to  the  infectious  diseases  is 
admitted  to  be  very  intimate  ; and  although  it  may  not  be 
quite  so  universal  as  some  are  inclined  to  assiime,  it  is  never- 
theless definitely  proved  to  exist  as  regards  some  of  the 
infectious  maladies  affecting  man  and  brutes.  In  order  to  pass 
in  review  all  the  ascertained  facts  and  observations  in  this  vast 
and  constantly-growing  field  of  pathology,  and  to  appreciate 
and  to  assign  their  true  value  to  the  many  observations  bearing 
on  this  relation  of  micro-organisms  to  disease,  it  is  necessary 
that  the  reader,  and  still  more  the  worker  in  this  field,  should 
be  enabled  to  criticise  the  observations  and  facts  brought 
forward  by  the  numerous  writers  on  the  subject,  for  otherwise 
he  would  probably  take  as  proved  what  has  really  not  passed 
beyond  the  stage  of  possibility.  And  it  is  this  point  which  re- 
quires the  most  careful  attention,  viz.,  to  be  able  to  see  at  a 
glance  that,  owing  to  the  imperfect  or  faulty  method  of  inves- 
tigation employed,  or  that,  owing  to  certain  inferences  incom- 
patible with  the  general  laws  and  general  tendency  of  the 
well-founded  and  experimentally  proved  facts,  the  statements 
set  forth  in  a particular  observation  or  series  of  observations 
are  not  to  be  accepted. 

In  all  investigations  of  the  relation  of  micro-organisms  to 
disease  it  is  necessary  to  bear  in  mind  that,  as  Koch  ^ has 
pointed  out,  no  observation  can  be  said  to  be  complete,  or,  one 
should  rather  say,  in  no  instance  can  it  be  said  to  have  been- 
sdtiisfcictoTily  proved,  that  a particular  infectious  disease  is  due 

^ ‘ Die  Milzbrand-impfiing,  Cassel  and  Berlin,  18.S3. 
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to  a particular  micro-organism  if  any  one  of  tlie 
themicro-oisanisminq^ 

as  the  case  may  be,  to  cultivate  them  artificially  in  suitable 

Seteie  “i”' a ''5' “■>«>«*  “to 

^clude  the  accidental  mtroductm^  into  these  media  of  other 
micro-orpnisms ; to  go  on  cultivating  them  from  one  cul 
tivation  to  another  for  several  successive  generations  in  order 
aoi^af^  “^^ter  derived’from  the 

Itancf  ^ tsf  Aft?  “ the  first  in- 

1 ^ ^fter  having  thus  cultivated  the  micro-or<^anisms 

’t  is  necessary  to  re-iStJod^ce 
peo?  1°  ^ healthy  animal  susceptible  to  the  dis- 

ease, and  in  this  way  to  show  that  this  animal  becomes  affected 
^vlth  the  same  disease  as  the  one  from  which  t^oruS 
were  originaUy  derived.  (4)  And,  finally,  it  is  necessarTthat 
m this  so  affected  new  animal  ’the  same  micrHS=^^^^^^^ 
should  again  be  found.  A particular  micro-organ  Jm  m?v 
probably  be  the  cause  of  a particular  disease,  hut  that  really 
anduumistakably  It  is  so  can  only  be  inferred  with  certainty 
when  every  one  of  these  desiderata  has  been  satisfied.  ^ 

It  will  be  my  aim  in  the  following  pages,  first  to  describe 
the  methods  that  may  be  eniployed  with  success  in  investi^^a- 
oions  bearing  on  the  relation  of  micro-organisms  to  disease  • 

tbp°?ni^T*°l  conformity  with  reliable  obsen^ations 

the  morphology  and  physiology  of  the  micro-organisms  that 
hear  any  relation  to  disease ; and  thirdly,  to  enumerate  the 
observations  that  have  been  made  in  recent  years  to  prove  the 
existence  of  such  an  intiniate  relation.  Last,  but  not  least,  we 
shall  consider  the  precise  relation  of  the  particular  micro- 
organisms to  the  causation  of  disease. 


CHAPTER  I. 


MICROSCOPIC  EXAinNATION. 

For  the  examination  of  micro-organisn^s  good  high  powers 
are  essential,  at  the  least  a power  ipaguifjing  30Q  to  400  lin(*,ar 
diameters.  Zeiss’  D or  E Rnd  2jeiss’  or  Po-\vell  and  Lealand’s 
oil  immersion  l-12th  or  l-16th  inch  will  be  found  sufficient 
for  all  purposes.  In  the  case  of  tissues  stained  with  aniline 
dyes  a good  substage-condenser  such  as  Abba’s  or  Powell  and 
Lealand’s,  is  invaluable,  I use  Zeiss’  stand  with  Abbe’s  con- 
denser, open  diaphragm,  and  plane  mirror.  As  Koch  ^ pointed 
out,  and  what  is  now  universally  acted  upon,  stained  specimens 
mounted  in  Canada-balsam  solution  or  Dammar  varnish,  when 
examined  on  an  Abbd’s  condenser,  show  the  micro-organisms 
with  extreme  clearness  and  sharpness. 

The  examination  of  the  morpliological  characters  of  an 
organism  is  carried  out  on  fresh  unstained,  as  well  as  on  fresh 
stained  microscopic  specimens.  Although  the  latter  method 
is,  for  reasons  hereafter  to  be  mentioned,  by  far  the  most  per- 
fect and  reliable  one,  it  is  nevertheless  important  to  ascertain 
as  far  as  possible  the  appearances,  chemical  reactions,  and 
general  morphology  of  perfectly  fresh  specimens.  Blood, 
juices,  tissues,  and  fluids  in  which  the  micro-organisms  have 
been  growing,  are  subjected  directly,  without  any  previous  pre- 
paration, to  microscopic  examination.  With  artificial  nourishing 
media  in  which  micro-organisms  have  been  growing,  the  ex- 
amination of  fresh  specimens  is  of  great  importance,  for  the 
reason  that  the  organisms  can  be  easily  identified  and  their 
size  and  general  morphological  characters  be  more  correctly 
ascertained  than  after  drying,  hardening,  and  staining.  Besides, 
the  chemical  reactions  can  be  satisfactorily  studied  in  fi-esh 

' Die  Aetiolnftie  d.  Wiindinfectinnelcrnnkheiten.  p.  34,  Leipzig,  1879.  Trans- 
lated a.s  Traumatic  Infective  Diseasei  (New  Syd.  Soc.),  London,  1880. 
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iiiethod  extensively  and  successively  used  for  the  demon- 
stration and  preservation  of  microscopic  specimens  of  micro- 

as  blood,  pus,  and  juices,  is  that  of  Weieert 
t nd  Koch,  which  consists  ,iii  spreading  out  on  a class  slide  or 
cover-glass  a very  thin  filni-the  thinner  the  bftter-^of  the 

fluid  (artificial  dr  natural  culture  medium),  blood  pus  oriuice 

aud  drjmg  it  rapidly  by  holding  it  tor  ton  to  tw”; 

^re  obtained  when  the  heating  is  carried  on 

rapidlv^SrnaT  Slaving  become  opaque  at  first, 

be^ui d Irlil  t-  Several  drops  of  the  aniline  dye  to 

on  E fim  over  the  specimen,  and  after  remaining 

it  from  five  to  thirty  minutes  or  more  are  poured  off  The 

commonly  known  as  having 

as^the  ne^tl'Y  (Hermann) ; they  are  also  known 

as  the  neutral  or  basic  but  not  the  acid  ones.  The  most  useful 

® amount  them  are  those  that  are  soluble  in  water ; 
these  are  preferable  to  those  soluble  in  alcohol,  but  in  cer- 
tain special  instances  (to  be  mentioned  hereafter)  some  of  them 
are  of  definite  use.  Methyl-blue,  methyl-violet,  vesuvin, 
Bismarck-brown,  magenta,  fuchsin,  rosanilin,  gentian-violet, 
Spillers  purple,  eosin,  dahlia,  pprpurin,  iodine-green,  are  the 
aniline  dyes  commonly  used.  The  Wagging  is  carried  out  in 
a l cases,  except  ivith  tubercle-bacilli  and,  the  bacilli  of 
glanders,  with  distilled  watbf,  then  with  alcohol : this  latter 
as_  a rule  is  to  wash  oiit  the  dye  from  all  parts  except  the 
micro-organisnis,  and  it  is  therefore  necessary  not  to  carrv  the 
washing  further  thap  this,  but  to  carry  it  as  far  as  practicable. 
Afteythis,  wash  again  with  distilled  water,  dry,  and  mount 
in  a _^op  of  Canada-balsam  solution.  Throughout  this  pro- 
cess  It  IS  of  necessary  always  to  remember  on  which 

side  of  the  glass  the  specimen  had  been  dried. 

Dofible  staining  is  carried  out  with  any  two  of  the  above 
dyes  ; as  a rule  a brown  and  blue  or  violet,  or  a red  and  blue, 
are  ppefqped.  Some  of  the  violet  and  purple  dyes  have  the 
peculiarity  that  in  some — not  in  all  instances — they  give  to 
tlie  preparation  a double  tint — some  things  appear  blue 
others  more  pink.  o ir  > 

The  process  of  double  staining  is  carried  out  either  for 
each  dye  separately— i.fe.  we  first  apply  one  dye,  after  some 
minutes  wash  in  distilled  water,  and  then  apply  the  second 
dye— or  the  two  dyes  to  be  used  are  mixed  and  then  used  like 
a single  dye. 

In  the  case  of  tubercle-bacilli  the  staining  is  first  done  with 
a magentd.  niixtlire  (Ehrlich’s,  Weigeit’S,  or  Gibbes’  see 
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below),  then  washed  for  a few  seconds  with  a 
solution  of  nitric  acid,  then  for  a fe\v  minutes  with  distdled 
water  After  this  the  preparation  is  stained  with  methyl- 
bine  in  the  ordinary  way.  Or,  after  Kochs  method,  the 
specimen  is  first  stained  in  alkaline  methyl-blue  (mixed  with 
a 10  per  cent,  solution  of  caustic  potash)  for  twenty-four 
hours  or  for  half  an  hour  to  one  hour  at  a temperature  ot 
40°  C.'  and  then  stained  in  a concentrated  solution  of  vesiivin. 
Wash ’it  next  with  water,  then  with  alcohol,  dry,  and  mount 


in  Canada-balsam  solution.  . , • i -iT, 

In  leiirosy,  the  specimen  on  the  glass  is  stamed  with 
magenta,  then  washed  in  distilled  water,  then  stained  wuth 
methyl-blue,  washed,  and  mounted.  With  such  organ- 
isms  as  e g.  the  micrococcus  in  the  sputum  of  acute  croupous 

pneumonia,  and  the  micrococcus  in  gonorrhoeal  discharge— 
the  staining  is  best  carried  out  with  a mixture  of  methyl- blue 
and  vesuvin. 

Weigert's  double  stain  is  Very  excellent  for  many  purposes  ; 
it  is  prepared  thus  : — 


Saturated  watery  solution  of  aniline,  100  ccm. 


IThis  is  made  thus  : — Aniline  oil,  1 part,  dist.  water,  3 
parts.  Shake  every  half  hour  for  four  hours,  and  decant  the 
water  as  the  oil  settles  to  the  bottom.] 

Saturated  alcoholic  solution  of  fiichsin,  11  ccm.  Mix. 


The  sections  are  well  stained  in  this  mixture,  then  washed 
in  distilled  water  ; after  this  they  are  immersed  for  a few 
seconds  in  alcohol,  and  then  transferred  for  one,  two,  or  three 
hours  to  the  foUowing  solution  [Watson  Cheyne,  Practitioner, 
April  1883,  p.  258] 

Distilled  water,  100  ccm. 

Saturated  alcoholic  solution  of  methyl-blue,  20  ccm. 

Eormic  acid,  10  minims. 

After  this,  wash  in  alcohol,  pass  through  clove-oil,  and  mount 
in  Canada-balsam  solution. 

In  examining  fresh  or  hardened  tissues  for  micro-organisms 
it  is  necessary  to  make  thin  sections,  which  can  be  easily  done 
with  the  aid  of  any  of  the  microtomes  in  common  use, 
amongst  which  Williams’s  microtome,  and  especially  Dr.  Roy’s 
ether-spray  freezing  microtome,  are  no  doubt  the  best  and 
easiest  to  manipulate.  As  regards  hardened  material,  it_  is 
necessary  to  remember  that  the  hardening  must  be  carried 
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rnfmMm 

T ose  hardened  m spirit  must  be  soaked  well  in  water  to  en 

hB 

toTeTJZT^Sr  gum°»SS.Tnd  iL’n” 

to  ireeze  and  to  cut.  Fresh  tissues  are  at  once  cut  with  the 
epung  microtome,  the  sections  placed  in  0'6  per  cent  of 
salme  solution,  floated  out  and  iell  spread  out  anTtiien 
stained  by  transforing  them  in  this  condition,  ie.  well  spread 
out,  into  a watch-glass  containing  the  dye.  The  sectiras  of 

and  then  tonsterred  to  the  dye  or  dyee  as  the  cate  maS  ’ 
It  IS  necessary  to  prevent  too  much  shrinkin^^  of  the 

advisable  to  float  the  sections  in  the  saline  solution  or  water 

^ iiiter  or  spatula,  to  spread 

■ i,  °’-^t  upon  it,  and  to  transfer  them  carefully^  into 

the  dye,  then  mto  the  dish  with  water  used  for  washinc^  off 

ll^Jer'^raFoin?  t"’  *o  transfer  them,  well  spread  out  on  tSe 
litter,  to  alcohol,  then  after  several  minutes  to  oil  of  cloves 

nd  finally  on  to  a glass  slide,  on  which  they  are  mounted  in 
the  usual  manner  with  Canada-balsam  solution,  the  excess  of 
clove-oil  being  previously  drained  off. 

It  is  advisable,  although  not  absolutely  essential,  to  keep  the 
sections  in  a well  spread-out  condition  for  a few  seconds  n 
alcohol  before  placing  them  into  the  dye. 


CHAPTER  II. 

PHEPAEATIOK  OP  CULTURE  MATERIAL. 


Artificial  cultivations  of  micro-organisms  in  suitable 
nourisbing  media  in  the  incubator  (Eig.  1)  at  temperatures 


fjfj  1 — Incubator,  with  Page’s  Regulator. 

a Paee’s  Beciilator.— This  consists  of  a tube  filled  with  mercury,  and  im- 
inersed  in  the  water  surrounding  the  chamber  of  the  incubator.  In  the  upper 
I>art  of  the  tube,  above  the  mercurial  column,  is  a flue  open  glass  tube,  having 
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1'°"'®,’’  ® ”"®  '"''x'"  tlie  temperature  of  tlie  water  rises  tlie 

and  now  the  burner  at  C receives  a much  greater  supply  of 

temp®rature  of  the  water  asain  rises,  the  mercury  rises,  obstructs  the  lower  end 

« e SneTaterfffHp''^®'  ?”®  ti  wha  "can  pass^^^^^^^^ 

To  adiust  theVe^  the  temperature  again  falls,  and  so  on. 

,1  ® it  IS  necessary  when  the  thermometer  indicates  tliu 

required  degree  of  temperature  to  push  the  outer  large  glass  tube  and  with  it 

the  inner  tube  of  the  regulator  so  far  down  that  the  top  of  tirmeicu rii^i 
column  just  obstructs  the  free  end  of  the  inner  glass.  The  temperature  then 
regulates  itself  for  the  reasons  stated  previously.  These  regulators  are  suffl 
cient  for  all  practical  purposes  when  it  is  not  a qiiesUou  of  small  differences  in 

Tl  P^rnnW«®\®‘“®®  ^ '-®^  '“'®  Ponstaiit  within  one  or  two  cenrimades 

pA-LpT  « exjieriences  in  the  working  of  these  and  other  similar  regulators 
aiises  from  the  inconstancy  of  the  main  gas  supply,  this,  as  is  well  known 
yT  limits.  The  stopcock,  E,  obviates  this  to  a limited  extent’ 

"lisle  et  45°  only  a limited  amount  of  gas  jiasscs  from 
the  mam  supply  tube  to  the  regulator,  and  tlierefore  the  variations  in  pressure 
oi  the  gas  are  not  felt  to  their  full  extent.  A Sugg’s  regulator  interpJLed  be! 
tween  E and  the  main  supply  tap  is  very  useful.  ^ 

B.  Thennometer  to  indicate  the  temperature  in  the  chamber 

C.  Gas  burner 

D.  Chamber  of  incubator. 

E.  Stopcock  to  regulate  when  required  the  supply  of  gas 

xpper,  . lower,  right  and  left  walls  of  the  incubator 
are  made  of  a double  layer  of  tin ; between  the  two  is  water.  The  front  and 
back  oi  the,  chamber  are  closed  by  a movable  glass  plate. 

incubatOT  for  constant  temperature  is  inr.de  by  the  Cambridge 
Scientific  Instrument  Company.  It  has  a double  gas  supply;  one  small 
permanent  flame,  and  a second  one  subject  to  the  regulator. 


varying  between  30"  and  40"  C.,  are  necessary  in  order  to 
study  more  Accurately  the  life-history  of  the  septic  as  well 
as  the  pathogenic,  organisms.  Moredver,  large  numbers  of 
them  become  available  iii  a short  time,  and  their  relation  to 
disease  caii  be  tested  more  conveniently.  For  if  it  should  be 
found  that,  having  carried  on  outside  the  animal  body 
successive  cultivations  bi  a , particular  organism,  the  re- 
introductioii  of  this  cultivated  organism  into  the  animal  body 
is  again  productive  of  the  same  disorder  as  before,  then  tlie 
conclusion  becomes  inevitable  that  this  organism  is  intimately 
related  to  the  causation  of  the  disease.  It  must  be  conceded 
that_  after  several  successive  cultivations  in  fluids  any  hypo- 
thetical substance  supposed  to  be  the  tnciterics  morhi,  and  in- 
troduced at  first  from  the  blood  or  tissues,  being  in  a very 
diluted  condition  in  the  first  cultivation,  would  after  several 
cultivations  be  practically  lost.  But  if  this  last  cultivation 
should  be  found  to  act  in  the  same  manner  pathogen ically,  i.e. 
if  every  droplet  of  it,  charged  with  the  new  brood  of  the 
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organism,  nevertheless  possesses  full  pathogenic  power,  t^^ien  it 
is  logical  to  say  that  this  pathogenic  i^roperty  rests  w-ith  the 
orc^anisni.  For  this  and  other  reasons  it  is  oi  essential 
iinportance  to  be  able  to  carry  on  successive  cultivations  ot  one 
and  the  same  organism  without  any  accidental  contamination 
or  admixture,  i.e.  it  is  necessary  to  carry  hnpure  cultivations. 


AETIFICIAL  CULTIVATION  MEDIA. 

A. — Fluids. 

As  fluid  nourishing  material  the  following  are  used  with 

preference : — , , . , • 7 nru 

1.  Broth  made  from  meat — porJc,  heef  raobii,  chicken,  ihe 
connective  tissue  and  fat  are  first  cut  out  from  the  fresh  meat 
— in  the  case  of  rabbit  or  chicken  the  whole  animal  without 
head  or  viscera  is  used — and  then  placed  in  water  and  boiled. 
Generally  for  each  pound  half  an  hour’s  good  boiling  is  allowed. 
With  regard  to  the  quantity  of  water,  each  pound  of  meat  ought 
to  yield  ultimately  at  least  one  pint  of  broth.  When  boiled, 
the  broth  is  allowed  to  stand,  the  fat  is  skimmed  off,  and  the 
broth  well  neutralised  by  adding  liquor  potassai  or,  better  stiU, 
carbonate  of  sodiunl. 

The  fresher  the  meat  the  less  acid  (sarcolactic  acid)  is  in 
the  broth  before  neutralisation.  The  broth  is  then  filtered 
through  a filter,  previously  overheated  (see  below),  into  flasks 
previously  sterilised  (see  below).  If  the  broth  is  not  clear 
after  once  filtering  it  is  filtered  again.  If  hot  clear  then, 
it  is  allowed  to  stand  fot  several  hours.  A fine  sediment  is 
found  at  the  bottom  of  the  vessel,  and  from  this  the  clear 
supernatant  fluid  is  decanted  into  a sterilised  vessel.  The  brotb, 
if  not  clear  after  the  first  filtering,  can  be  cleared  b;^  boEing  it 
with  the  white  of  ah  egg.  The  now  clear  fluid  is  filtered  again. 
The  flasks  which  receive  the  broth  are  well  plugged  with 
sterilised  cotton-wool  (see  below).  In  this  state  the  flask  is 
placed  over  a Bunseh  burner  (Fig.  2)  on  a wire  netting  and 
boiled  for  half  an  hout  or  more  ; during  the  boiling  the  cotton- 
wool plug  is  lifted  out  for  half  its  length.  The  flask  ought 
not  to  contain  more  broth  than  about  one-half  of  ttvb-thifds  of 
its  volume,  to  prevent  the  broth  from  rising  too  hmch  and 
wetting  the  plug.  When  tiirhing  hff  the  flame  the  plug  is 
pushed  down  so  as  fully  tb  plug  the  neck  and  mouth  of  the 
flask ; a beaker  with  sterile  cotton-wool  cap  is  placed  over 
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tlie  mouth  of  the  flask  (Fig.  3),  and  this  is  allowed  to  stand 
lor  one  night._  Next  day  the  boiling  is  repeated  for  half  an 
hour  or  more  in  the  same  manner  as  before.  If  the  meat  has 
been  fresh  and  the  vessels  and  cotton-wool  have  been  sterile, 
Uvice  boiling  is  lound  snfficient  to  destroy  every  impurity. 
But  to  make  sure,  the  broth  is  placed  in  the  incubator  and  kept 
there  lor  twenty-four  hours  at  a temperature  of  32°— 38°  C., 
and  then  boiled  on  the  next  day  for  half  an  hour  in  the  usual 
way.  The  supposition  is  made,  that  if  by  any  chance  after 
boiling  the  broth  it  should  contain  unchanged  spores 
of  bacilli— the  only  organisms  that  will  resist  boiling,  although 


Fio.  2. — A BtiNSEN  Burner,  witr  Fio  3. — A Flask  containing  Sterile 
Rose  for  Boilino  Fluids  in  Stock  Fluid. 

Test  Tubes. 


they  do  not  resist  boiling  for  more  than  half  an  hour — the 
spores  would  germinate  into  bacilli  when  kept  for  twenty-four 
hours  in  the  incubator  at  32° — 38°,  and  these  would  then  be 
killed  by  the  third  boiling.  As  a matter  of  fact  I have  not  as 
a rule  found  any  contaminating  germs  survive  the  second 
boiling.  It  is  of  course  to  be  borne  in  mind  that  during  the 
first  as  well  as  second  and  subsequent  boiling  the  cotton-wool 
plug  is  not  removed  from  the  mouth  of  the  flask,  but  is  only 
raised  out  half  its  length  from  the  neck.  The  cotton-wool  and 
he  cotton-wool  cap  tmd  beaker  are  replaced  immediately  or 
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simultaneously  with  the  turning  off  of  the  burner.  This  broth 
SO  prepared  is  placed  in  the  incubator  at  32°  38°  C.  and  kept 

there  from  one  to  three  weeks.  If,  as  is  generally  the  case,  it 
remains  limpid,  it  is  considered  completely  sterile. 

2.  Peptone  and  Sugar  Solution— Beei  peptone  (Savory  and 
Moore’s)  is  dissolved  in  distilled  water,  over  a burner,  to  the 
amount  of  about  2 per  cent.  ; to  the  solution  is  added  cane 
sugar  to  the  amount  of  about  1 per  cent.  ; so  that  every  100 
ccin.  of  the  fluid  contains  two  grammes  of  peptone  and  one 
gramme  of  sugar.  liVhen  dissolved  it  is  well  neutralised  and 
then  filtered  (the  vessels  being  of  course  also  in  this,  as  in  all 
other  cases,  sterilised  by  overheating)  into  flasks,  and  treated 
in  the  same  manner  as  the  broth. 

The  same  fluid  can  be  used  without  the  addition  of  the 
cane-sugar ; or  peptone  dissolved  to  the  amount  of  1 to  2 
per  cent,  in  broth. 

3.  Buchner’s  Fluid. — 10  parts  of  Liebig’s  extract,  and  8 parts 
of  peptone,  in  1,000  parts  of  water. 

4.  Hydrocele  Fluid  (Koch).— A new  or  well  sterilised  (by 
over-heating)  trocar  and  cannula  are  used  for  the  tapping  ; to 
the  cannula  is  fixed  an  india-rubber  tube  that  has  been  soaking 
in  strong  carbolic  acid  solution  for  forty-eight  hours.  The  distal 
end  of  the  tube  is  introduced  carefully  and  rapidly  into  the 
neck  of  a sterilised  flask  plugged  with  sterile  cotton-wool,  and 
the  fluid  thus  allowed  to  flow  into  the  flask  to  about  two-thirds 
of  its  volume.  This  is  then  exposed  in  a water-  or  sand-bath 
to  a temperature  of  from  58°  to  62°  C.  for  three  to  five  hours 
on  five  or  six  consecutive  days.  Placed  then  into  the  incubator 
at  32°— 38°  C.  for  from  one  to  three  weeks,  the  fluid  remains 
limpid. 

5.  Blood  Serum  (Koch). — A glass  cannula  and  india-rubber 
tubing  are  soaked  for  forty-eight  hours  in  strong  carbolic  acid  ; 
the  cannula  is  tied  into  the  carotid  artery  of  a healthy  sheep, 
and  the  arterial  blood,  after  opening  the  clip  at  the  proximal 
end  of  the  artery,  is  allowed  to  flow  into  a sterile  flask,  the 
distal  end  having  been  introduced  into  the  neck  of  the  flask  as 
above.  After  letting  it  stand  for  twelve  to  twenty-four  hours  the 
clear  serum  is  taken  off  by  means  of  a large  sterilised  glass 
pipette  or  glass  syphon  ; this  is  carefully  introduced  between 
the  cotton-wool  plug  and  glass  neck,  and  then  discharged  into  a 
sterile  plugged  flask  or  large  test-tube,  the  pipette  or  syphon 
being  also  here  carefully  introduced  between  cotton-wool  plug 
and  glass. 

This  stock  serum  is  then  heated  for  successive  days  in  the 
same  manner  as  the  hydrocele  fluid. 
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Of  less  common  mse  are  : 

6.  Pas/em-’s  Flnid.—ln  100  parts  of  distilled  water  are 
dissolved  10  parts  of  pure  cane-sugar,  1 part  of  ammonium 
ijirtrfxtGj  cind  tu6  asli  ot  1 part  of  yeast. 

7.  Cohnh  Fluid.— IQQ  ccm.  of  distilled  water,  1 gramme  of 
ammonium  tartrate,  no  sugar,  and  instead  of  the  ash  of  yeast 
are  substituted  (A.  Mayer)  0'5  gramme  of  potassium  phosphate, 
0_5  gramme  of  crystallised  magne.sium  sulphate,  0’05  gramme 
of  (tribasic)  calcium  phosphate.  These  two  fluids  are  sterilised 
in  the  same  manner  as  the  broth  and  peptone  solutions 
Pathogenic  organisms  do  not  thrive  in  either  of  these  two 
fluids. 


B. — Solids. 

The  solid  media  have  the  great  advantage  over  the  fluids 
that  in  the  former  artificial  cultures  can  he  carried  out  more 
easily  ; as,  owing  to  the  resistance  the  solid  basis  offers  to  the 
growth  of  the  organisms,  they  remain  more  limited  to  the  spot 
or  spots  on  which  they  are  sown,  and  therefore  can  be  watched 
more  easily  ; besides,  an  accidental  contamination,  i.e.  a growth 
appearing  at  a spot  at  which  no  sovdng  was  made,  can  be 
recognised  at  once.  These  advantages  are  perhaps  of  the 
greatest  use  when  it  is  intended  to  grow  the  organisms  on  a 
.surface  exposed  to  the  influence  of  air — of  course  protected 
from  contamination  with  other  organisms. 

These  advantages  of  solid  media  have  been  very  minutely 
pointed  out  by  Koch  in  his  researches  on  pathogenic  bacteria.^ 

As  solid  media  are  u.sed  : 

1.  Slices  of  Boiled  Potato  or  Boiled  White  of  Eqg  or  Paste 
(Fokker,  Schroter,  Cohn,  Wernich).— Although  these  are  of 
great  use  in  the  study  of  hyphomycetes,  and  especially  of  pig- 
ment-bacteria, they  are  not  generally  used  in  the  case  of  other 
bacteria  and  pathogenic  organisms.  The  progress  of  the  growth 
of  a particular  organism  sown  out  at  a particular  spot  or  line  on 
the  surface  of  these  substances  can  be  easily  watched  with  the 
unaided  eye.  These  substances  when  quite  fresh  are  placed  on 
flat  glass  di.shes  ; these  are  covered  with  a well-fitting  bell-glass, 
the  space  being  kept  moist  by  a piece  of  moist  blotting-paper 
placed  in  the  dish. 

2.  Gelatine  (Brefeld,  Grawitz,  Koch). — This  is  used  advan- 
tageously as  a mixture  with  broth,  peptone,  beef-extract,  blood- 
serum,  or  hydrocele  fluid.  Koch,  who  introduced  this  mixture, 
used  it  for  the  cultivation  of  bacteria  on  solids,  to  be  exposed 
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to  the  air ; the  proportion  of  gelatine  in  the  mixture  ■was  2 to 
3 per  cent.  But  this  mixture,  althoiigh  solid  at  ordinary  tem- 
perature, does  not  keep  solid  in  the  incubator,  not  even  at  20 
0.  I have  found  that  at  least  7 ‘5  per  cent,  of  gelatine  must  be 
contained  in  the  mixture  to  keep  it  solid  at  20°  to  25°  C. 
Above  this  temperature  not  even  11  per  cent,  gelatine  will 
keep  solid. 

The  finest  (gold  label)  gelatine,  in  thin  tablets,  is  cut  up  in 
small  strips ; these  are  soaked  in  distilled  water  (1  in  6)  over- 
night, and  then  dissolved  over  a water-bath,  well  neutralised 
vdth  carbonate  of  sodium,  and  filtered  hot.  If  not  clear,  it  is 
boiled  with  white  of  egg,  and  passed  hot  tliroiigh  sterilised 
fine  calico.  Then  this  fluid  is  mixed  with  half  its  bulk  of 
broth,  peptone  solution,  or  beef-extract  solution,  so  that  there 
is  1 part  of  gelatine  in  9 parts  of  fluid,  or  11 J per  cent,  of 
gelatine.  This  mixture  is  boiled  repeatedly  and  treated  like 
broth,  as  described  above.  The  mixture  can,  when  cast  solid, 
be  liquefied  by  melting  it  on  the . water-bath,  can  be  easily 
decanted  into  sterilised  plugged  test-tubes  (see  belo-w),  and  can 
then  be  used  as  a good  solid  nourishing  material  for  the 
cultivation  of  organisms  up  to  25°  C. 

The  above  gelatine  solution  without  admixture  can  be  boiled 
once  or  twice,  and  thus  made  sterile  and  kept  as  a stock. 
Tliis  can  be  used  as  an  addition  to  blood-serum  or  hydrocele 
fluid  ; the  mixture  must  be  sterilised  in  the  same  way  as  serum 
or  hydrocele  fluid  alone,  i.e.  exposed  for  five  to  seven  days  to 
a temperature  of  58°  to  62°  C.  Of  course,  Avhatever  the  propor- 
tions are  in  which  the  two  are  mixed,  the  mixture  does  not  keep 
solid  above  25°  C.  But  by  exposing  it  for  from  several  days 
to  several  weeks  to  the  heat  of  the  incubator,  the  mixture 
can  by  evaporation  be  rendered  practically  solid  for  higher 
temperatures  also. 

3.  More  satisfactory,  because  capable  of  remaining  solid  at 
any  temperature,  is  solid  serum  of  blood,  solid  hydrocele  fluid 
(G.  Makins),  and  Agar-Agar  (Koch). 

The  first,  i.e.  the  serum  of  blood,  and  the  second,  i.e.  the 
hydrocele  fluid,  can  be  made  solid  by  heating  the  above  sterile 
serum  or  hydrocele  fluid  respectively  (see  page  13)  gradually 
up  to  68° — 70°  C.  In  the  course  of  an  hour  or  two  the 
material  becomes  solid,  losing  slightly  its  limpidity,  but 
is  sufficiently  transparent  for  all  practical  purposes.  By 
heating  it  rapidly,  or  heating  it  above  70°,  it  becomes  solid, 
granular,  and  opaque.  Of  course,  once  thus  made  solid  it 
cannot  be  liquefied  again,  and  therefore  must  be  already 
contained  in  the  vessels  (test-tubes  and  small  flasks')  in  which 
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the  growth  of  organisms  is  to  be  carried  on.  Or  blood  serum 
and  hydrocele  fluid  can  be  rendered  solid  by  exposing  the 
sterilised  material  (see  above),  in  sterile  plugged  test-tubes,  to 
a moderate  beat— e.p.  in  the  incubator  at  32°  to  38°  C.— for 
several  weeks.  Through  evaporation  the  material  is  rendered 
solid.  Thus  treated  it  retains  its  limpidity  in  a perfect 
manner. 

Agar-Agar,  or  J apan  isin"la.ss,  is  very  difficult  to  obtain, ^ it  is 
sold  in  the  shape  of  very  thin,  shrivelled,  transparent  lamellae, 
or  narrow  bands.  It  is  soaked  overnight  in  salt  water  (one  part 
of  Agar-Agar  to  five  or  six  of  salt  water),  and  then  dissolved 
on  the  water-bath  ; well  neutralised  with  carbonate  of  sodium, 
filtered  and  mixed  with  a third  of  its  bulk  of  broth,  peptone,  or 
beef-extract  solution.  I use  now  as  a rule  peptone  solution, 
as  described  above.  Well  boiled  on  two  or  three  successive 
days,  each  time  for  thirty  minutes  to  an  hour,  in  sterile  flasks, 
a sterile  material  is  obtained,  which  is  quite  transparent,  and 
remains  solid  up  to  a temperature  of  45°— 50°  0.,  i.e.  a 
temperature  much  higher  than  is  ever  used  for  the  cultivation 
of  micro-organisms.  It  becomes  liquid  at  liigher  temperatures, 
and  in  case  of  necessity  can  be  again  subjected  to  boiling. 
Before  considering  it  as  perfectly  sterile  it  ought  to  be  kept 
like  all  other  materials  for  from  several  days  to  several  weeks 
in  the  incubator  at  32“ — 38°  C.  If  quite  limpid  after  this 
time  it  may  safely  be  considered  as  sterile. 

Amongst  all  the  solid  media,  I have  found  this  mixture  of 
Agar-Agar  and  peptone  sugar  solution  to  be  the  best  in  many 
respects.  It  is  beautifully  limpid  and  solid,  and  an  excellent 
nourishing  material.  Agar-Agar  alone  without  the  adnhxture 
of  peptone  is  not  satisfactory  as  a culture  medium. 

' Messrs.  Christy  and  Co.,  of  155  Fenchurch  Street,  have  succeeded  in  obtain- 
ing for  me  large  quaTitities  of  this  material  from  Paris.  I understand  from  my 
friend  Dr.  E.  Maddox  that  tliis  substance  is  in  reality  what  the  French  cull 
Gelvse. 


CHAPTEK  III. 


VESSELS  AND  INSTRUMENTS  USED  IN  CULTIVATIONS. 

A ll  vessels  (flasks,  test-tubes,  beakers,  filters,  calico),  to  be 
used  are  first  thoroughly  sterilised  by  overheating.  In  the 
case  of  flasks  and  test-tubes,  this  can  be  done  by  exposing 
them  thoroughly  in  all  parts  to  the  open  flame  of  a large 
Fletcher’s  burner;  while  thoroughly  heated  the  mouth  is 
plugged  with  a good  long  plug  (1  to  2 inches)  of  sterile 
cotton-wool,  this  being  pushed  in  by  means  of  overheated 
forceps.  The  plug  in  all  cases  must  not  be  loose,  but  also  not 
too  firm— an  error  in  the  latter  direction  being  of  course 
preferable  to  one  in  the  former.  The  cotton-wool  plug  may, 
if  long  enough,  be  single  ; or,  if  short  ones  are  used,  double! 
Or  the  flasks  and  test-tubes  are  placed  in  an  air-chamber 
(see  Fig.  4)  heated  by  a large  Fletcher’s  burner  for  several 
hours,  up  to  between  130°  and  150°  C.  In  the  case  of  small 
flasks  and  test-tubes  this  process  is  of  course  much  more 
convenient,  since  a large  number  can  be  heated  simultaneously. 
Beakers  and  glass  filters  to  be  used  merely  for  a temporary 
operation  are  placed  over  a wire  net  on  a tripod  and  heated 
by  the  flame  of  a Bunsen’s  burner.  In  the  case  of  test-tubes 
which  are  to  receive  cultivation-fluids,  I generally  expose 
them,  after  having  been  cleaned  and  dried,  in  the  air-chamber 
for  ^several  hours  (three  to  six)  to  a temperature  of  from 
130“  150“  C.  : while  hot  they  are  taken  out  seriatim,  plugged 
with  the  sterile  cotton-wool,  and  replaced  in  the  air-chamber 
and  heated  again  for  several  hours.  All  this,  and  other 
operations  to  be  described  below,  may  appear  to  some  rather 
tedious  and_  unnecessarily  complicated,  but  it  cannot  be  too 
strongly  insisted  on  that  in  these  matters  one  cannot  he  too 
scnipiilous.  A slight  relaxation  may,  and  occasionally  is, 
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followed  by  disastrous  consequences  in  the  shape  of  accidental 
contamination,  and  consequent  loss  of  material  prepared  at 
the  cost  of  much  labour  and  time.  Long  experience  in  these 
matters  has  taught  me  that,  although  in  some  instances  less 
scrupulous  care  has  not  been  followed  by  bad  results,  still  I 
have  had  also  many  unpleasant  failures  owing  to  slight  laxity 
in  these  matters. 


Fi(}_  4. Hot-air  Chamber  for  Sterilising  Test-titbes  and  Cotton-wool. 

An  iron  chamber  with  double  wall,  the  inner  chamber  having  separalo 
foldin<y  doors.  In  the  inner  chamber  are  ]ilac;ed  the  test-tubes,  gl^ses,  cc., 
and  the  cotton-wool,  the  latter  in  a loose  condition  Boto  sets  of  doors  aix 
closed,  and  the  apparatus  heated  by  a large  Fletcher  s burner.  A thermo- 
meter passing  from  the  inner  chamber  through  the  upper  wall  indicates  the 
temperatui'e  of  the  chamber. 


Several  weeks’  work  may  be  annihilated  by  a single 
omission.  Sometimes  one  is  perhaps  in  a slight  hurry , and 
does  not  think  the  want  of  an  additional  heating  of  the  test- 
tube  or  cotton-wool  or  an  additional  boiling  of  the  fluid  ill 
be  followed  by  any  bad  consequences.  But,  alas,  nature  does 
not  take  into  account  our  convenience,  and  failure  is_  our 
reward.  If  in  any  kind  of  experiments  “overdoing  as  an 
error  in  the  right  direction,  it  is  in  these  very  experiments  in 
the  cultivation  of  micro-organisms. 
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The  cotton-wool  used  for  plugging  flasks  and  test-tuhes  is 
prepared  by  pulling  up  loosely  a quantity  of  good  cotton- 
wool and  exposing  it  in  a loose  state  in  the  air-chamber  to  a 
temperature  of  130°— 150°  C.  for  several  hours, 
f<yr  several  successive  days.  The  cotton-wool 
ought  to  he  just  brown,  i.e.  just  singed.  Too 
much  charring  makes  it  very  brittle,  and  it  is 
ihen  difficult  to  make  of  it  a satisfactory  plug. 

The  plug  used  should  not  be  too  firm  and  not 
too  loose  : in  the  former  case  it  is  not  easy  to 
lift  it  up  quickly,  and  in  the  latter  it  does  not 
close  sufficiently  well.  Cotton-wool  that  has 
been  kept,  say  only  for  a day  or  two  in  the  air^ 
chamber  for  three  or  four  hours  is  not  absolutely 
sterile  ; nor  is  cotton-wool  that  has  been  kept  in 
a compressed  state  in  the  air-chamber  for  any 
number  of  days.  The  central  portions  remain 
under  these  conditions  quite  white  and  are  not 
sterile.  No  cotton-wool  that  is  not  just  brown, 
i.e.  just  singed,  is  safe  from  risk  of  impurity.  No 
cotton -wool  steeped  in  absolute  alcohol,  strong 
carbolic  acid,  or  any  other  disinfecting  fluid,  for 
ever  so  many  days  or  weeks,  can  be  absolutely 
relied  on. 

As  stated  above,  a plug  of  sterile  cotton-wool 
tolerably  firm,  of  about  one  to  two  inches,  or 
two  plugs  of  about  one  inch  each,  are  used  for 
the  plugging  of  the  flasks  and  test-tubes.  An 
assertion  such  as  that  made  by  Dr.  Williams 
at  the  British  Association  (Biological  Section, 

September  1883),  that  cotton-wool  plugs  are  not 
reliable,  because  they  do  not  protect  the  fluids  in 
the  vessels  plugged  with  them  from  accidental 
air-contamination,  is  to  be  accepted  only  as  ap- 
plying to  very  loose  plugs  and  to  cotton-wool 
not  properly  sterilised.  To  good  firm  plugs  of 
sterile  cotton-wool  it  evidently  cannot  apply, 
since  all  the  results  of  all  workers  in  this  field 
(Pasteur,  Sanderson,  Cohn,  Koch,  Klebs,  Buchner, 
and  many  others)  are  against  it. 

Instruments,  such  as  the  points  of  needles,  and  forceps,  used 
in  the  processes  of  cultivation,  lifting  up  cotton-wool  plugs, 
making  cotton-wool  plugs,  inoculations,  &c.,  must  be  heated 
in  the  open  flame  of  a Bunsen  burner,  if  they  are  to  be 
absolutely  relied  on  for  cleanliness.  Scissors  and  knives  used 
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for  cutting  tissues  which  are  interifled  for  inoculation,  ought 
to  be  likewise  scrupulously  clean.  One  ought  to  keep  a special 
set  of  instruments,  the  blades  of  which  are  capable  of  being 
heated  in  the  open  flame  without  heiilg  spoilt. 

Syringes  used  for  cutaneous,  subcutaneous,  or  othei  inocula- 
tions, ought  to  be  capable  of  being  overheated.  The  ordinary 
Pravaz  syringe  of  vulcanite  not  being  capable  of  undergoing 
this  process,  Koch  has  devised  a glass  syringe  similar  to  the 
Pravaz  syringe.  I do  not  use  any  syringe  for  inoculation,  but 
prefer  using  each  time  a fresh  capillary  glass  pipette  made 
just  before  the  inoculation.  Iiito  this  pipette  I draw  the 
droplet  to  he  used  for  inoculation,  and  having  made  a very 
small  incision — about  ^ of  an  inch — through  the  skin,  the 
pointed  end  of  thefipette  is  pushed  forward  info  the  sub- 
cutaneous tissue  for  about  half  ah  inch  or  ,one  inch  and  then 
the  fluid  is  bloh^h  biit  iiitb  the  tissue,  ih  this  way  I km 
always  absolutely  Safe  from  .Any  contamination  with  a pre- 
viously used  virus,  which  might  poSsibly  adhere  fo  One  br  othef 
part  of  a syringe. 

The  fine  point  of  capillary  pipettes  (Fig.  6),  iised  fbr  in- 
oculation of  animals,  or  for  drawing  out  a drop  bf  fluid  bf  a 
cultivation  in  a flask  or  test-tube,  or  for  inoculating  material 
contained  in  a test-tube  or  flask,  are  thus  made : while  one 
hand  holds  the  bulb  of  the  pipette,  the  other  holds  one  end, 
and  putting  at  some  distance  from  this  end  the  tube  into  an 
ordinary  flame  and  quickly  drawing  it  out,  a point  of  extreme 
fineness  can  be  made.  The  same  is  done  with  the  other  end. 
Such  a pipette  can  he  considered  as  practically  closed  at  both 
ends. 


CHAPTER  IV. 


PREPARATION  OF  CULTURE-MEDIA  FOR  INOCULATION. 

We  have  on  a former  page  described  the  methods  to  obtain 
sterile  stock  of  nourishing  media  suitable  for  artificial  cul- 
tivations. The  solids,  as  serum  gelatine,  serum,  and  hydro- 
cele fluid,  must,  before  solidification,  be  placed  in  test-tubes 
and  small  flasks,  and  then  sterilised  in  the  manner  above 
described,  to  be  made  ready  for  establishing  cultures,  i.e.  for 
inoculation.  The  Agar-Agar  mixture  however  can,  like 
liroth,  peptone  mixture,  beef  extract  solution,  and  gelatine 
mixtures,  be  kept  as  stock  in  large  flasks.  When  thus  sterile, 
these  latter  can  be  decanted  into  a number  of  test-tubes  or 
small^  flasks,  in  which  the  cultivation  is  to  he  carried  out. 
Gelatine  mixtures  (gelatipe  and  broth,  gelatine  and  peptone, 
gelatine  and  beef  extract)  an(J  the  Agar-Agar  mixture,  must 
of  course  he  liquefied  over  a flame  before  being  ready  for 
decanting.  The  test-tubes  most  suitable  are  about  six  inches 
long,  and  should  not  be  less  than  about  one  inch  broad ; the 
flasks  are  about  of  the  capacity  pf  ope  to  two  ounces,  and 
ought  to  have  a neck  of  comparatively  good  width.  The  test- 
tubes  receive  the  fluids  for  about  one  and  a half  to  two  and 
a half  inches  in  depth,  the  flasks  for  about  one-fourth  to  one- 
third  pf  their  bulk.  All  these  test-tu]ies  and  flasks  witli 
their  cottop-wopl  plugs,  before  receiving  the  material,  should 
be  thoroughly  gterilised  by  overheating.  As  I mentioned  in 
the  previous  chapter,  this  ought  to  be  well  borne  in  mind,  for 
starting  with  a sterile  nourishing  fluid— i.e.  one  that  has  been 
kept  in  the  stock  flask  for  sevefal  days  to  several  weeks  in 
the  incubator  pt  a temperature  pf  from  32°— 38°  C.  and  that 
has  remained  perfectly  clear  and  linipid— and  workmen  with 
thoroughly  sterilised  test-tubes  an  4 cotton- wool  plirngl-very 
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little  care  is  required  to  obtain  sterile  material  ready  for 
inoculation.  To  start  with  a stock  of  nourishing  material, 
however  well  sterilised,  and  to  decant  it  into  test-tubes  with 
cotton-wool  plugs  not  absolutely  sterile  must  lead  to  failure. 
I have  seen  this  happen  over  and  over  again,  and  all  the 
material  decanted  became  consequently  contaminated  and 
thereby  useless  for  inoculations.  The  test-Dibes  and  flasks 
must  be  well  cleaned,  then  dried,  placed  in  the  air-chamber, 
and  kept  there  exposed  for  several  hours  to  a temperature  of 
from  130° — 150°  0.  on  several  successive  days,  or  they  may  be 
thoroughly  heated  in  all  parts  over  the  open  flame  of  a gas- 
burner.  The  same  applies  to  the  cotton-wool,  as  mentioned 
in  a former  chapter.  The  test-tubes  and  flasks  are  plugged 
by  nieaus  of  clean  forceps  with  the  cotton-wool  which  is  just 
brown,  and  then  replaced  in  the  air-chamber  and  again 
heated  for  several  hours  on  two  or  three  occasions  up  to  a 
temperature  of  130° — 150°  C.,  or  they  may  be  W’ell  heated 
over  the  open  flame  of  the  burner.  To  decant  sterile  stock 
fluid  into  these  test-tubes  and  flasks,  I proceed  thus  : A clean 
beaker  with  spout,  covered  with  a clean  glass  plate,  is  placed 
on  a wire  net  on  a tripod  over  the  flame  of  a Bunsen  burner, 
and  thoroughly  heated  for  half  an  hour  or  so;  then  it  is 
allowed  to  cool,  and  when  cool,  the  plug  of  the  stock  flask  is 
lifted  -with  forceps,  and  some  of  the  sterile  fluid  quickly 
poured  from  the  flask  into  the  beaker.  The  plug  is  replaced 
in  the  neck  of  the  stock  flask  and  the  beaker  covered  with 
the  glass  plate.  Of  course  the  quantity  poured  into  the 
beaker  should  be  large  enough  to  supply  the  required  number 
of  test-tubes  or  small  flasks.  The  stock  flask  containing  still 
some  fluid,  having  been  opened  for  however  short  a time,  has 
of  course  been  exposed  to  air-contamination,  and  therefore 
must  be  treated  accordingly,  if  the  fluid  left  in  it  is  to  serve 
as  sterile  nourishing  material  on  a future  occasion,  Con- 
sequently it  is  subjected  to  boiling  for  from  fifteen  to  thirty 
minutes,  then  placed  in  the  incubator,  boiled  again  the  next 
day  and  put  back  in  the  incubator,  where  it  is  left  at  a tem- 
perature of  front  32°— 38°  C.  for  several  days.  If  after  a week 
or  so  the  fluid  remains  limpid,  it  is  of  course  to  be  considered 
stBrilo 

Next,  the  fluid  that  has  been  poured  into  the  beaker  [covered 
with  the  glass  plate)  is  poured  as  quickly  as  possible  into  tlie 
test-tubes,  one  after  the  other,  by  lifting  with  clean  forceps 
the  plug  and  pouring  in  the  fluid  to  a deptli  of  one  and  a half 
to  two  and  a half  inches,  and  the  plug  replaced. 

During  this  prpcedure,  contaniinatioii  with  air-organisms,  if 
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there  be  any  about,  becomes  inevitable.  To  lessen  this  chance 
as  inncli  as  possible,  it  is  necessary  to  lift  the  plug  with  clean 
forceps,  to  pour  the  fluid  as  rapidly  as  is  practicable  mto  the 
test-tube  or  flask,  and  to  replace  immediately  the  cotton-wooi 
plug.  Further  it  is  necessary  to  bear  in  mind,  that  the  atmo- 
sphere is  not  at  all  times  and  everywhere  equally  conta,minated 
(see  Prof.  Tyndall’s  observations).  I generally  avoid  under- 
taking this  process  on  windy  days,  and  when  I _do^  it,  I 
generally  close  windows  and  doors  and  keep  the  a,ir  in  the 
room  as  still  as  possible.  I do  not  do  it  in  a room  in  which 


Fia.  6.— A Beaker  Containing  a Number  of  Culture-tubes  Plugged 
WITH  Cotton-wool. 


recently  (say  an  hour  or  two  previously)  the  floor,  walls,  or 
tables  have  been  swept. 

I have  opened  under  these  conditions  the  plugs  of  test- 
tubes  containing  sterile  material,  and  kept  them  so  for  a 
time  varying  from  one  to  ten  seconds,  and  in  some  instances 
1 have  not  seen  more  than  from  10  to  20  per  cent,  con- 
taminated. 

Now,  having  filled  the  required  number  of  test-tubes  and 
flasks  with  the  desired  quantity  of  fluid,  I subject  these 
seriatim  to  boiling.  By  means  of  an  ordinary  test-tube 
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holder  ^ hold  them  above  a very  small  flame  until  the  fluid 
boils,  and  keep  it  so  boiling  for  from  two  to  five  minutes. 
iJuring  this  process  of  boiling  the  cotton-wool  is  only  slightly 
pulJed  up,  and  immediately  before  ceasing  to  boil  the  plu"  i"s 
a^in  replaced,  and  pushed  down  with  a clean  glass  rod. 
I hen  the  test-tube  is  placed  (of  course  upright)  in  a beaker  at 
the  bottom  of  which  a layer  of  cotton-wool — a sort  of  cushion 
—has  been  placed.  Wlien  fim'shed,  the  test-tubes  in  the 
beaker  are  all  transferred  to  the  incubator  and  kept  there  for 
00°°^  twelve  to  twenty-four  hours  at  a temperature  of 
32  — 38°  C.  Then  the  boEing  is  repeated  once  more.  After 
this  they  are  kept  in  the  incubator  for  several  days  to  several 
weeks.  I generally  keep  them  there  for  two  to  three  weeks, 
and  all  those  in  which  the  fluid  has  remained  limpid  and 
clear  are  considered  sterile  and  ready  for  use.  As  a rule, 
starting  with  sterile  stock  fluid,  and  using  thoroughly  sterile 
test-tubes  and  cotton-wool  plugs,  after  once  or  twice  boiling 
after  decanting,  there  ought  to  be  no  loss  of  tubes  through 
accidental  contamination  with  air-organisms  (durincf  de- 
canting). Sometimes,  however,  I have  had  loss  to  the 
amount  of  5 per  cent,  or  more,  but  then  there  was  always  a 
hitch  of  some  kind  traceable.  To  decant  under  carbolic  acid 
spray  is  not  practicable  and  possesses  many  unpleasant  draw- 
backs, besides,  in  some  instances  when  I used  it,  there  was 
really  a greater  percentage  of  contaminated  tubes  than  without 
it.  I therefore  do  not  use  the  spray. 

Test-tubes  containing  solid  nourishing  material  are  generally 
kept  sufficiently  inclined  during  solidification  of  the  material 
(see  a former  chapter)  to  allow  the  material  to  spread  into  a 
layer  of  large  area,  although  this  is  not  essential. 


CHAPTER  V. 

METHODS  OF  INOCULATION. 

Having  now  in  test-tubes  and  small  flasks  sterile  material 
ready  for  inoculation,  it  is  necessary  to  describe  tbe  mode  of 
inoculating  the  same. 

1.  Inoculations  from  Artificial  Cultures. — The  first  and 
simplest  is  the  case  where  it  is  required  to  inoculate  a new 
tube  or  flask  with  a definite  organism  that  has  been  growing 
previously  in  a culture-tube  ; that  is  to  say,  where  it  is 
required  to  establish  from  an  artificial  cultivation  a new  and 
further  artificial  cultivation.  Take  a freshly  drawn-out 
capillary  pipette,  with  a fine  point,  as  described  in  a former 
chapter  ; draw  up  with  clean  forceps  slightly  the  top  part  of 
the  cotton- woo  I plug  of  the  old  tube  or  flask,  push  carefully 
and  gently  one  of  the  pointed  ends  of  the  capillary  pipette — 
the  other  can  be  broken  off  blunt — through  the  remaining 
part  of  the  cotton-wool  plug,  and  push  it  downwards  till  it 
emerges  into  the  culture-fluid,  or,  if  this  be  solid  material,  till  it 
reaches  the  spot  or  place  where  the  organism  is  growing  ; allow  a 
small  droplet  to  ascend  into  the  capillary  pipette,  which  it 
readily  does  by  capillarity  ; or  if  a larger  quantity  is  required 
draw  it  up  by  gently  sucking  at  the  outer  end  of  the  capillary 
pipette.  Then  draw  the  capillary  pipette  altogether  out  of  the 
tube  and  cotton-wool  plug,  and  push  this  latter  down  with  the 
forceps  into  its  former  position.  Immediately  after  this  pro- 
ceed to  inoculate  the  new  culture-tube  by  doing  exactly  the 
same  as  before,  viz.,  draw  up  slightly  with  the  forceps  the  top 
part  of  its  cotton-wool  plug,  push  through  the  remainder  of 
this  plug  the  pointed  end  of  the  capillary  pipette,  i e.  the  one 
containing  the  droplet  of  the  material  to  be  sown,  and  push 
it  into  the  material  at  the  bottom  of  the  test-tube  or  flask.  A 
trace  of  the  sowing  material  flows  out  by  itself,  or,  if  a large 
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quantity  is  required,  it  is  carefully  blown  from  the  pipette. 
If  the  sowing  is  to  be  carried  out  on  the  surface  of  the  solid 
noiirishing  material,  the  inoculation  is  of  course  perforjned  by 
depositing  the  seed  on  the  surface  ; if  in  the  depth,  the  end 
of  the  pipette  is  pushed  down  into  the  depth  of  the  material 
and  the  seed  there  deposited.  The  pipette  is  then  altogether 
withdrawn  and  the  plug  replaced  as  before.  Tlie  new  tube  is 
then  placed  in  a beaker  on  a cushion  of  cotton- wool,  and 
exposed  to  the  required  temperature  in  the  incubator. 

If  we  have,  however,  a culture-fluid  or  any  fluid  that  con- 
tains, as  the  microscopical  examination  proves,  various  species 
of  organisms,  which  we  wish  to  isolate,  i.e.  if  we  vdsh  to 
introduce  into  a new  culture-tube  only  one  species,  then  the 
method  of  Klebs  of  “ fractional  cultivation,”  or  the  method  of 
Lister  and  v.  Niigeli  of  “ dilution,”  is  resorted  to. 

The  “fractional  cultivation”  consists  in  the  attempt  to 
isolate  by  successive  cultivations  the  different  organisms  that 
have  been  growing  previously  in  the  same  culture.  If  we 
take  up  by  means  of  a capillary  pipette  a trace  of  the  culture- 
fluid,  and  inoculate  with  traces  of  it  in  the  manner  above 
described  a series  of  new  crrltur e-tubes  containing  various 
nourishing  materials,  and  exj)ose  these  tubes  in  the  incubator 
to  a definite  temperature,  say  35°  C.,  then  the  chances  are 
that  in  the  first  twenty- four  or  thirty -six  hours  not  all  the 
different  species  of  organisms  sown  out  will  have  increased 
equally  in  numbers  in  all  tubes ; most  probably  only  one 
species  in  each  tube,  i.e  the  one  that  grows  best  in  this 
particular  medium  and  at  this  particidar  temperature,  will  be 
found  to  have  increased  to  an  enormous  extent,  while  the 
others  have  made  little  or  no  progress  as  yet.  The  nourishing 
fluid  appears  turbid,  and  filled  chiefly  with  the  one  kind  of 
organism.  Now  draw  out  with  a fresh  capillary  pipette  a 
minute  droplet  of  this  new  culture  and  inoculate  with  a trace 
of  it  a new  culture-tube.  The  chances  are  that  you  inoculate 
only  one  kind,  that  is,  the  one  which  is  most  abundant  or 
jieriiaps  is  solely  present.  After  twenty -four  hoirrs’  incubntion 
this  new  tube  contains  now  probably  only  one  kind  of 
organism.  To  make  it  quite  certain,  inoculate  from  this  a 
new  culture-tube  in  the  same  manner,  and  now  you  probably 
have  sown  only  a single  speoii;s.  In  this  manner  by  continued 
transference  it  is  possible  to  obtain  cultures  with  only  one 
species  of  organisms.  Many  conditions,  such  as  naked-eye 
appearances  of  a particular  kind,  coloration  of  the  cidture- 
mediuiii,  formation  of  a pellic  le,  the  quantity  of  growth  in  a 
given  time,  soon  indicate  whether  we  have  the  desired  single 
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species  ; in  some  instances  it  is,  however,  extremely  difficult 

to  isolate  after  this  method.  _ . , 

The  method  of  “dilution'’  means  dUuting  the  culture-tiuia 
containing  the  various  species  to  a very  large  extent  with  some 
sterile  indifferent  fluid,  such  as  well-boiled  saline  solution  o 
0-6  per  cent.,  and  then  inoculating  new  tubes  with  a droplet 
of  this  greatly  diluted  material.  For  this-  purpose  c^raw  into  a 
rather  large  pipette  a tiny  droplet  of  the  old  culture-nuid, 
then  pass  the  pointed  end  of  this  pipette  into  a test-tube  or 
flask  (plugged)  containing  ,.well-boiled  saline  solution,  and 
draw  up  a quantity  of  this  solution  so  as  to  grea,tly^  • 
(1000-fold  or  more)  the  droplet  of  culture-fluid,  and  wi^  this 
inoculate  then  a series  of  new  culture-tubes  contahimg  different 
nourishing  material,  using  always  only  a trace  for  inoculation. 
In  this  way  it  is  probable  that,  owing  to  the  great  dilution, 
the  trace  of  a droplet  of  this  mixture  used  for  the  new  inocu- 
lation contains  only  one  species.  Using  a series  of  new  culture- 
tubes  and  inoculating  them  thus,  after  twenty-four  hours  of 
incubation  it  will  be  found  that  some  tubes  have  not  received 
any  seed,  others  only  one  species.  If  it  be  required  to  dilute 
the  original  fluid  greatly,  say  if  it  teems  -mth  different  or- 
ganisms, then  a droplet  of  this  is  placed  into  a large  flask 
containing  the  well-boiled  saline  solution,  so  that  a dilution 
of  1 in  1,000,000  or  more  can  be  effected. 

The  two  methods  i.e.  that  of  fractional  culture  and  of 
dilution,  may  be  successfully  combined  in  this  way  : froni 
the  first  or  second  new  culture,  established  after  the  method  of 
fractional  cultivation,  in  which  after  twenty -four  or  thirty-six 
hours  one  species  greatly  predominates,  draw  out  with  a large 
capillary  pipette  a droplet,  and  dilute  this  to  a great  extent 
with  the  saline  solution,  as  described  above,  and  now  inoculate 
with  a trace  of  this  mixture  a new  culture-tube.  Or,  if  after 
twenty-four  hours’  incubation  the  microscope  reveals  in  this 
further  culture  more  than  one  species,  continue  the  process  of 
dilution  and  inoculation  for  a further  generation.  Thus  it  is 
possible  to  obtain  cultures  of  only  one  species,  although  the 
original  fluid  contained  several  species  of  organisms. 

2.  Inoculations  with  Blood,  Juices,  and  Tissues. — To  establish 
a cultivation  from  blood  of  a dead  animal,  cut  open  the  thorax 
by  removing  the  sternum  with  clean  scissors,  cut  open  the  peri- 
cardial sac,  pierce  with  the  pointed  end  of  a fresh  capillary 
pipette  the  wall  of  the  right  ventricle  or  right  auricle,  and 
allow  a drop  or  two  of  blood  to  ascend  into  the  pipette,  or  if  a 
larger  quantity  is  required  suck  it  up.  Withdraw  the  pipette 
and  inoculate  new  culture-tubes  as  above.  Or,  if  blood  of  a 
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large  vein  is  required,  separate  the  vessel  with  clean  instru- 
ments, and  make  a small  incision  with  clean  scissors  and  push 
the  pointed  end  pf  [he  capillary  pipette  well  forward.  If 
juice  of  a lymphatic  gland,  Pr  gplperi,  or  other  parenchymatous 
organ  he  required,  pierce  the  organ  after  having  washed  its 
surface^  with  solution  of  perchloride  of  mercury  (Koch),  wnth 
the  pointed  end  of  a capillary  pipette,  then  push  it  into  the 
part  required  for  a little  distance,  and  squeezing  the  organ 
press  a drop  pr  t>vo  of  the  juice  ipto  it.  The  same  procedure 
is  adopted  when  the  pus  of  an  ajiscess  is  required,  the  wall  of 
which  can  be  pierced_with_  the  pointed  end  of  the  capillary 
pipette.  If  not,  a slight  incision  is  made  and  the  pipette 
introduced  through  this  into  the  abscess.  If  blood  of  a living 
animal  is  required.,  expose  a yessel  ydth  clean  instruments,  make 
a small  incision  with  clean  scissors,  push  through  this  incision 
the  ppipted  end  of  the  capillary  pipette  well  forward,  and  allow 
the  blood  to  rise  into  the'  capillary  tube!  It  blood  of  a livin</ 
human  being  is  required,  clean  well  with  spap  and  water  anS 
then  with  strong  carboRc  acid  or  percjiloride  pf  piercury  solution 
the  tip  of  a finger,  make  a venous  congestion  in  the  last  phalanx 
by  cdmpressing  it  with  a corner  of  a hankerchief,  prick  the 
vplar  skin  of  the  phalanx  with  a clean  (overheated  and  cooled) 
needle,  and  plpnging  the  pointed  end  of  the  pipette  into  the 
drop  of  blood  allow  a droplet  to  ascend  into  the  capillary  tube 
of  the  pipette. 

If  solid  tissues  or  parts  of  tissues  are  required,  e.g.  the  base 
of  an  ulcer,  a tubercle  of  the  liver,  spleen,  or  lung,  it  is  possible 
to  squeeze  into  the  capillary  tube  of  a pipette,  after  pushing  its 
pointed  end  into  the  part,  a small  droplet  of  juice  of  the  part 
required  ; but  if  this  be  not  practicable,  i.e.  if  a solid  particle 
be  required,  then  follow  Koch’s  method.  This  is  as  follows  : 
cut  with  clean  scissors  or  scalpel  into  the  part,  dig  out  rapidly 
with  the  point  of  a needle  or  platinum  wire  previously  over- 
heated in  the  flame  of  a burner  a small  particle,  and  quickly 
introduce  this  into  the  culture-tube  to  the  place  required,  e.g. 
surface  or  depth  of  a solid  or  fluid  nourishing  material.  Of 
course  in  this  case  the  cotton-wool  must  be  altogether  lifted, 
and  therefore  contamination  with  organisms  is  possible.  But 
inoculating  several  tubes  at  once  and  performing  the  operation 
quickly,  one  always  succeeds  in  getting  some  of  the  tubes 
without  any  air-contamination.  I have  made  numerous  in- 
oculations with  solid  particles  (tubercles)  in  this  manner,  and 
like  Koch  have  seen  only  a small  percentage  of  tpbes  going 
had  through  contamination  with  air-organisms. 

The  same  plan,  i.e.  of  using  the  clean  point  of  q needle  or 
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platinum  \vire  for  taking  up  the  fnaterial  to  be  used  for  inocu- 
lation, is  resorted  to  if  one  has  to  deal  with  the  culture  of  solid 
nourishing  material,  on  or  in  which  the  organisms  are  growing 
that  we  want  to  transplant  either  for  inoculation  of  a new  tube 
or  of  an  animal.  A iisefiil  method,  which  does  not  require 
the  lifting  out  of  the  plug  at  all,  and  which  can  easily  he 
employed  in  the  last  case;  is  this  : deposit  from  the  pointed  end 
of  a capillary  pipette  a droplet  of  some  sterile  fluid  (broth  or 
thoroughly  boiled  saline  soltition)  on  the  spot  of  the  solid 
medium  on  which  the  organisms  are  growing,  then  scratch  this 
spot  with  the  end  of  the  capillary  pipette  in  order  to  get  the 
organisms  off  from  the  solid  basis  and  mixed  with  the  drop  of 
fluid  deposited  there,  theh  let  this  drop  again  ascend  into  the 
end  of  the  capillary  pipette,  flhd  withdraw  this  altogether.  All 
this  can  be  done  without  lifting  out  the  cotton-wool  plug  of  the 
test-tube  or  flask  in  which  the  growth  is  proceeding. 

If  one  has  to  use  a particle  of  tissue  the  surrounding  portions 
of  which  are  probably  contardinated  by  putrefactive  organisms, 
e.g.  a tubercle  in  the  lung  or  a tiihercle  in  the  spleen,  it  is  well 
to  follow  Koch,  and  to  disinfect  the  surrounding  parts  by  just 
washing  them  with  a dilute  solution  of  corrosive  sublimate,  and 
then  to  remove  these  parts  with  clean  scissors  so  as  to  obtain 
the  central  particle  which  one  ■v^ishes,  to  use  for  inoculation  : 
of  course  one  must  not  steep  the  whole  organ  in  sublimate 
solution,  since  this  woidd  naturally  destroy  all  organisms. 

All  these  methods  can  be  easily  modifled  according  to  the 
requirements  of  the  special  cases,  and  it  is  not  necessary  here 
to  give  more  than  what  has  already  been  described  in  the 
preceding.^ 

In  order  to  observe  in  a microscopic  specimen  the  gradual 
changes  in  the  growth  of  a micro-organism,  there  are  several 
methods  employed.  In  all  of  them  it  is  of  course  necessary  to 
keep  the  specimen  heated  up  to  the  desired  temperature. 

The  simplest  method  consists  in  sowing  the  organisms  on  a 
suitable  nourishing  material  in  a small  glass  cell,  fit  to  be 
placed  on  the  stage  of  a microscope  and  to  be  there  observed 
even  with  high  powers,  similar  to  those  cells  which  Koch  has 
used  in  his  studies  on  bacillus  anthracis.  Such  a glass  cell 
consists  of  a glass  slide,  in  its  centre  a concave  pit,  not  too 
large,  and  capable  of  being  quite  closed  up  by  an  ordinary 
cover-glass,  the  edges  of  which  fasten  by  means  of  clean  paraffin 
or  olive  oil.  Place  with  a clean  needle  a speck  of  spleen  pulp 

* Compare  also  Koch,  XJntersuchunnen  iiber  patkogene  Bacterien,  in  Berichte 
ntu  dem  k.  Gemndheittamte,  Berlin,  1881  ; and  Die  Aetlologie  d.  Tuberculuse, 
Berlin,  klin.  Wochensclirj/t,  No.  15,  1882. 
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of  an  animal  dead  of  anthrax  into  a drop  of  nourishing  material, 
fluid  or  solid,  on  tlie  centre  of  a clean  cover-glass,  the  edges  of 
which  have  been  prepared  as  just  mentioned,  and  fasten  this 
on  the  above  slide  so  that  the  specimen  faces  the  concave  pit ; 
expose  this  so  prepared  specinien  to  a constant  temperature, 
either  by  placing  it  in  the  incubator  and  examining  it  with  the 
microscope  from  hour  to  hour,  or  on  the  warm  stage  (Strieker, 
Ranvier)  used  in  histological  work  for  directly  observing  the 
influence  of  temperature  on  the  various  cells  and  tissues  ; or, 
place  it  simply  on  the  stage  of  the  microscope  and  expose  the 
whole  (i.e.  microscope  and  all)  in  a suitable  warm  chamber 
(after  Klebs),  but  so  that  the  chamber  allows  light  to  pass  by 
means  of  a small  window  to  the  mirror  of  the  microscope,  while 
the  eyepiece  is  so  arranged  as  to  project  through  a hole  in  the 


Fio.  7.— A Glass  Cell,  fob  Observing  under  the  Microscope  the 
Progress  of  Growth  of  Micro-organisms 

The  upper  figure  shows  the  cell  in  perspective  ; the  lower  figure  in  profile  or 
cross  section. 

A.  Glnss  slide. 

13.  Cover-glass. 

C.  Glass  ring  forming  tlie  wnll  of  the  cliamher. 

P.  Drop  of  nourisiiiiig  material  in  wiiicii  the  micro-organisms  grow. 

upper  ayall  of  the  chamber.  The  plan  which  I generally  follow 
is  with  slight  moditications  that  of  Koch. 

A glass  cell  (Fig.  7)  is  made  by  cementing  a glass  ring,  f— ^ 
inch  in  diameter  and  about  ^ — yV  inch  higli,  on  to  an  ordinary 
glass  slip.  The  chamber  of  tliis  cell  is  well  cleaned  with 
absolute  alcohol.  A thin  cover-glass,  square  or  round,  about 
one  inch  in  breadth,  is  well  heated  by  holding  it  for  a few 
seconds  over  the  flame  of  a gas-burner  or  spirit-lamp.  On 
the  upper  edge  of  the  above  glass  ring  is  placed  with  a camels’ 
hair  brush  a thin  layer  of  clean  olive  oil  ; a-  droplet  of  water 
is  deposited  on  the  bottom  of  the  cell  in  order  to  keep  this 
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afterwards  well  supplied  with  moisture  ; a drop  of  the  sterile 
nourishing  material  (broth,  aqueous  humour,  hydrocele  fluid, 
blood  serum,  liquefied  gelatine  mixture,  liquefied  Agar-Agar 
mixture,  &c.)  is  then  deposited  by  means  of  a capillary  pipette 
on  to  the  centre  of  the  cover-glass  ; then  the  point  of  a capillary 
pipette  or  needle  containing  the  material  it  is  desired  to  sow  is 
rapidly  plunged  into  the  drop  of  the  nourishing  material  (or  if 
this  is  solidified  is  deposited  in  lines  or  points  on  the  drop  of 
nourishing  material),  the  cover-glass  inverted  and  placed  on  to 
the  glass  ring  : the  layer  of  olive  oil  keeps  the  edges  of  the 
cover-glass  air-tight  on  the  glass  ring.  This  cell  is  then  placed 
into  the  incubator  and  exposed  there  to  the  desired  temperature. 
Microscopic  examination  is  carried  out  from  time  to  time  to 
watch  the  progress  made.  This  can  be  done  with  high  powers, 
since  the  growth  is  taking  place  on  the  lower  surface  of  the 
cover-glass. 

Although  contamination  with  air-organisms  is  not  excluded, 
still  it  is  possible  by  making  several  specimens  at  the  same 
time  and  operating  rapidly,  to  obtain  pure  cultures.  This 
glass  cell  can  be  also  watched  on  a warm  stage,  or  in  a Klebs’ 
warm  chamber. 

M.  Nachet  of  Paris  has  designed  a glass  cell,  in  which  the 
drop  of  nourishing  material  is  deposited  on  to  the  bottom  of 
the  cell,  the  g^ass  slip  being  here  replaced  by  a very  thin 
glass  ; but  then  there  is  a peculiar  arrangement  in  the  micro- 
scope, by  w'hich  the  lower  surface  of  the  glass  cell,  i.e.  the  one 
nearest  to  the  growth,  is  directly  subjected  to  microscopic 
observation. 

After  what  has  been  said  above  about  inoculation  of  solid 
and  fluid  nourishing  media  with  solid  matter,  it  is  not  necessary 
to  dwell  specially  on  the  method  of  inoculation  with  earth  or 
similar  substances. 

3.  Examination  of  Water  for  Micro-organianin. — Most  water 
contains  bacteria  of  some  kind,  as  has  been  shown  by  direct 
experiment  by  Bur<lon  Sanderson.^  If  any  sample  of  water  is 
to  be  examined  for  micro-organisms,  particularly  bacterial 
forms,  it  is  allowed  to  stand  for  a few  hours,  till  mo.st  of  the 
particulate  matter  is  settled,  and  then  with  a capillary  pipette 
a Uttle  of  the  fluid  and  sediment  is  drawn  out  and  used  for  (a) 
microscopic  specimens  to  be  examined  fresh  ; (6)  microscopic 
specimens  prepared  after  the  Weigert-Koch  method,  i.e.  by 
spreading  out  on  a cover-glass  a thin  layer,  drying  it,  staining 
it  with  suitable  aniline  dyes,  e.g.  Spiller  s purple,  gentian  violet, 


' Reports  of  the  Medical  Officer  of  the  Pririi  CouiicU,  1S70. 
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methyl  blue,  or  magenta,  washinf;  with  water,  then  spirit,  then 
distilled  water,  then  drying,  and  finally  mounting  it  in  Canada- 
balsam  solution,  (c)  Test-tubes  containing  sterile  nourishin" 
material  (broth,  _Agar-Agar  mixture,  gelatine  mixture,  Cohn’s 
or  Pasteur’s  fluid)  are  inoculated  in  the  manner  described 
previously,  i.e.  by  piercing  the  cotton-wool  plug  with  the 
pointed  end  of  the  capillary  pipette.  These  test-tubes  are 
then  exposed  in  the  incubator,  and  after  one  or  two  days  or 
more,  a sample  is  withdrawn  with  a capillary  pipette,  and  used 
for  microscopic  examination.  As  a rule,  after  a day  or  two  of 
incubation  we  can  already  distinguish  with  the  unaided  eye 
whether  there  are  any  organisms  present,  the  nourishing 
fluid  either  being  uniformly  turbid — this  is  generally  the 
case — or  there  being  a growth  at  the  bottom  of  the  fluid.  But 
of  course  the  microscopic  examination  only  ehows  what  kind 
of  organisms  are  present.  New  cultivations  are  made  from 
this  one,  if  any  are  required,  {d)  A good  plan  of  recognising 
easily  that  there  are  present  various  kinds  of  organisms  in 
such  cultures  is  one  similar  to  that  recommended  by  Professor 
Angus  Smith.^  Sterile  gelatine  broth  or  gelatine  only, 
contained  in  sterile  test-tubeS  plugged  with  sterile  cotton-wool,’ 
is  liquefied,  but  of  course  not  heated  to  more  than  about  35° 
—40°  C.,  then  inoculated  with  the  water  (to  be  tested),  by 
means  of  the  capillary  pipette  ; after  inoculation  the  gelatine 
is  mixed  by  shaking  the  test-ttibe  slightly.  In  this  way  the 
organisms  present  in  the  water  are  distributed  in  the  gelatine. 
Then  the  gelatine  is  allowed  to  set  and  is  kept  in  this  solid 
state.  The  organisms  being  distributed  in  the  gelatine,  after 
some  days’  growth  are  noticeable  as  clusters  which  gradually 
increase  in  extent  and  are  distributed  in  various  parts  of  the 
medium.  The  various  species,  owing  to  difference  of  growth, 
form  clusters  differing  in  aspect,  size,  and  arrangement. 

4.  Examination  of  Air. — The  simplest  plan  to  test  for  the 
presence  of  organisms  in  the  air  is  to  draw  out  the  cotton- wool 
plug  of  several  test-tubes  or  flasks  containing  the  sterile 
nourishing  material,  or,  if  this  be  boiled,  potato,  paste,  or  gela- 
tine (see  p.  14),  to  expose  their  surface,  and  to  leave  it  thus  for 
variable  periods,  from  a few  seconds  to  several  minutes.  Then 
replace  everything  and  expose  the  material  to  incubation,  or 
keep  it  only  at  the  ordinary  temperature  of  the  room.  An- 
other method  is  to  collect  the  particles  present  in  the  air  on 
glasses  moistened  with  pure  glycerine  (Maddox),  and  then 
to  make  microscopic  specimens  or  inoculate  tubes  with  this 
glycerine. 


* Sanitary  Record,  p.  344,  1SS3. 
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A method  which  is  very  nsefal  is  the  one  recommended  by 
Cohn  and  Miflet.i  The  principle  of  it  is,  that  by  means  of  an 
aspirator,  an  air-pump  of  any  kind — e.g,  a Sprengel  pump,  or 
simply  the  fall  of  ■water— air  of  a particular  locality  is  drawn 
into  one,  two,  or  more  Wolff’s  bottles  (each  with  the  ordinary 
two  bent  glass  tubes),  connected  with  one  another  by  short 
pieces  of  india-rubber  tubing,  and  containing  the  sterile  material 
in  which  the  organisms  are  required  to  grow.  All  bottles  and 
tubes  being  of  course  sterile,  the  plugging  of  the  tubes  after 
the  air  has  passed  is  done  with  sterile  cotton-wool.  Any  quan- 
tity of  air  for  any  length  of  time  can  tlius  be  passed  through 
a series  of  such  bottles,  the  one  that  receives  the  air  first  being 
of  course  most  contaminated. 

Tlie  bottles  are  after  the  experiment  placed  in  the  incubator 
if  required,  the  outer  end  of  their  tubes  being  plugged  with 
cotton-wool. 

Miquel  ^ has  carefully  described  many  ingenious  methods 
for  the  study  of  air-organisms 

‘ ZeiUchr.  f.  Biol  d.  Pfl.  iii.  1,  p.  119. 

“ Les  Organismes  vivants  de  V Atmosphere,  Paris,  1883. 
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MORPHOLOGY  OP  BACTERIA. 

Bacteria  are  minute  organisms  not  containing  chlorophyll, 
and  multiplying  by  fission — hence  the  term  scMzoniycetes  (v. 
Nageli).  They  are  composed  of  a kind  of  protoplasm,  the 
mycoprotein  of  Nencki,  and  are  invested  with  a membrane, 
which  is  composed  chiefly  of  cellulose  and  a certain  amount 
of  mycoprotein  (Nencki). 

Their  contents  are  transparent  and  clear,  but  sometimes  con- 
tain minute  bright  granules  of  sulphur  (Beggiatoa).  Owing  to 
the  cellulose  membrane  they  resist  the  action  of  acids  and 
alkalies.  Many  species  of  bacteria — micrococcus,  bacterium, 
spirillum — are  able  by  rapid  multiplication  to  form  colonies  ; 
the  individuals  are  then  embedded  in  a hyaline  gelatinous 
matrix  produced  by  them,  this  is  also  mycoprotein.  Some 
species  are  possessed  of  one  or  two  straight  or  slightly  spiral 
cilia  or  flagella,  and  thereby  they  are  capable  of  locomotion, 
darting  through,  or  spinning  round,  in  the  fluid  in  which  they 
are  suspended.  Such  is  the  case  with  many  kinds  of  bacteria, 
bacilli,  and  spirilla. 

Bacteria  grow  best  when  left  undisturbed  ; movement  of  the 
vessel  in  which  they  grow  is  not  advantageous.  Light  and 
electricity  do  not  appear  to  have  a decided  influence,  since 
most  of  them  grow  well  in  the  light.  According  to  Cohn  and 
Mendelssohn,!  strong  electric  currents  have  a noxious  influence 
on  the  growth  of  micrococci. 

Some  bacteria  require  free  access  of  oxygen,  and  are  called 
aerobic  (Pasteur) ; others  grow  without  free  oxygen,  and  are 
anaerobic  (Pasteur).  All  require  for  their  growth  certain 
nourishing  materials  containing  carbon  and  nitrogen.  Water 
‘ Colm’s  Beilr.  e.  Biol.  d.  Pjl.  Bel.  iii.  1. 
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is  an  essential  element  for  them,  and  a certain  temperature  is 
in  manyiustances  a stimulant  of  their  growth.  Most  pathogenic 
bacteria  require  for  their  propagation  a temperature  varying  in 
the  different  cases  between  18°  and  40°  C.  The  bacteria  obtain 
their  nitrogen  from  organic  compounds  ; some  are  capable  of 
obtaining  it  from  comjiounds  as  simple  as  ammonium  tartrate  ; 
others,  especially  pathogenic  organisms,  require  much  more 
complex  combinations,  such  ns  occur  in  the  animal  body. 
Carbon  they  obtain  likewise  from  organic  compounds,  such  as 
carbohydrates,  amongst  which  sugar  is  the  chief,  and  vegetable 
acids  combined  as  salts  are  also  to  be  mentioned.  It  is  essential 
for  all  that  certain  inoi’ganic  salts,  phosphates,  potassium  and 
sodium  salts,  should  be  present,  since  their  own  substance 
contains  a large  iiercentage  of  it — 4 to  6 per  cent. 

While  all  are  capable  of  disintegrating  organic  combinations 
containing  nitrogen,  they  in  their  turn  help  to  ]iroduce  certain 
chemical  products,  which  in  some  cases  are  definite  for  a de- 
finite species  (see  below).  Such  is  the  ca.se  with  the  various 
bacteria  connected  with  the  fermentations  producing  lactic 
acid,  butyric  acid,  and  acnds  belonging  to  the  aromatic  series. 
On  many  bacteria  connected  with  putrefaction,  and  also  on 
some  pathogenic  organisms,  these  chemical,  products  have  a 
deleterious  effect.  Small  cpiantities  impede  their  growth,  and 
sufficiently  large  quantities  kill  them  altogether. 

Most  bacteria  are  killed  by  heat  below  the  temperature  of 
boiling  water,  many  of  them  when  exposed  for  several  hours 
to  a temperature  above  50°— 60°  C.  Exceptions  are  the  spores 
of  bacilli,  which  in  some  instances  (spores  of  hay  bacillus, 
Cohn)  require  exposure  to  the  heat  of  lioiling  water  tor  as  much 
as  half  an  hour.  By  raising  the  boiling  point  above  100°, 
it  does  not  require  more  than  a few  minutes  to  kill  them 
(Sander.son). 

Drying  destroys  most  bacteria,  except  the  spores  of  bacilli. 
Freezing  destroys  likewise  most  bacteria,  except  the  spores  of 
bacilli,  which  survive  exposure  to  as  low  a temperature  as 

15  C.,  even  wlien  exposed  lor  an  hour  or  more.  No  spores 
survive  exposure  to  a temperature  of  120°  G. 

Amongst  those  substances  which  inhibit  the  growth  of,  or 
altogether  destroy  the  bacteria,  are  carbolic  acid,  salicylic  acid, 
thymol,  &c. ; corrosive  sublimate  is  the  most  powerful  (Koch) 
since  even  solutioiis  as  weak  as  1 : 300,000  are  said  to  inhibit 
the^  growth  of  bacillus  anthracis. 

The  best  classilication  of  bacteria  is  that  given  by  Cohn  ^ 
and  this  we  shall  adopt : (1)  spherobacteria  micrococci ; 

• liu  Ir.  z.  H.  d.  Pjl.  Bd.  i. 
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(2)  bacteria  or  inicrobacteria  ; (3)  bacilli  or  desmobacteria  ; 
(4)  spirilla,  (5)  spirochBetae.  There  are  also  various  kinds 
which  approach  one  or  the  other  of  these,  e.g.  ascococcus, 
sarcina,  leptotlirix  (Beggiotoa),  cladothrix,  streptothrix,  &c, 
(see  below). 

I shall  not  attempt  to  give  an  exhaustive  description  of  the 
morphological  characters  of  all  micro-organisms,  but  shall  limit 
myself  to  those  forms  which  are  related  in  some  way  or  other 
to  diseases. 


CHAPTEE  VII. 


MICROCOCCUS  (Hallier,  Colin). 

By  the  specific  term  micrococcus  is  understood  a minute 
spherical  or  slightly  oval  organism  (spherobacterium,  Cohn), 
that  like  other  bacteria  divides  by  fission  (schizomycetes),  and 
that  does  not  possess  any  special  organ,  cilium  or  fiagellnm,  by 
using  which  it  would  be  capable  of  moving  freely  about. 
Micrococci,  like  other  granules  when  suspended  in  a fiuid 
medium,  show  (Brownian)  molecular  movement.  Micrococci 
propagate  always  by  simple  division,  never  by  any  other 
means,  e.g.  gemmation  and  spores.  All  assertions  to  the 
contrary  are  based  on  incorrect  observations.  All  micrococci 
possess  a delicate  membrane  of  cellulose,  and  owing  to  this 
resist  the  action  of  alkalies  and  acids.  The  contents  are 
homogeneous  and  highly  refractive  while  active,  pale  when 
inactive.  They  consist  like  those  of  other  bacteria  of  myco- 
protein  (Nencki).  The  size  of  micrococci  varies  within  con- 
siderable limits,  say  O'OOOS — 0’002  millimetres,  or  even  a little 
more.  Micrococci  vary  greatly  as  regards  both  size  and  mode 
of  growth.  All  multiply  by  slightly  elongating  and  then  divid- 
ing by  a transverse  constriction  into  two  : a dumb-bell ; each 
of  these  again  divides  into  two,  either  transversely  or  in  the 
same  direction  as  before.  The  new  elements  of  successive 
divisions  may  remain  connected,  and  thus  form  a chain  (or 
mycothrix,  Itzigsohn  and  Hallier  ; torulaform  string,  Cohn), 
or  they  separate  into  single  organisms  or  dumb-bells.  In  some 
species  there  is  a pre-eminent  tendency  to  form  chiefly  dumb- 
bells, in  others  to  form  shorter  or  longer  chains  generally  more 
or  less  curved. 

Such  exquisite  chains  one  meets  with  sometimes  in  serum  of 
blood  exposed  to  the  air  for  some  days,  and  in  pleural  and 
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peritoneal  exinlations  of  animals  dead  for  a few  days.  I have 
seen  in  an  artificial  culture  made  by  my  friend  Mr.  A.  Lingard 


Fio.  8. — ^IiCRncorci  of  Putrid 
Human  Sputum. 

1.  Sinsle  micrococci  ami  dumb-bells. 

2.  Short  chains. 

3 A long  chain. 

4.  A zoogloea. 

This  and  all  subsequent  figures  are 
drawn  under  a nnignifying  power  of 
about  700  diameters  except  stated 
otherwise. 


Fio.  !).— From  the  same  Putiud 
Sputum  .as  in  previous  Fioure. 
The  Micrococci  are  larger. 

1.  Dumb-bells. 

2.  SarciniB. 

3.  A small  zooglnea,  in  reality  consist- 

ing of  four  sarciua-grqups. 


from  a blister  in  a rabbit’s  ear  the  most  exquisite  convolutions 
of  threads  of  micrococci.  (See  Fig.  10.) 





Fic.  10. — Part  op  a Convolution  op  Chains  of  MicRororn;  from  an 
Artificial  Cultivation  started  with  the  Serum  of  a Duster  of  a 
Rabbit’s  Ear. 


A dnmb-bell  is  also  called  a diplococcns  (Billroth).  Between 
the  individuals  of  a dumb-liell  there  is  always  noticeable  a 
short  pale  intervening  bridge. 
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Some  species  are  specially  cliaracterisecl  by  dividing  into  a 
dumb-bell,  and  each  of  the  elements  dividing  again  trans- 
versely into  a dumb-bell ; a group  of  four  (tetrade  or  sarcina- 
form)  is  thereby  produced.  Some  species  are  occasionally  met 
with,  particularly  in  products  of  air-contamination,  in  which 
the  four  individuals  are  closely  pressed  against  one  another, 
and  then  each  assumes  more  or  less  the  shape  of  a cube,  a true 
sarcina  (see  below).  But  each  of  these  cubes  divides  into  four 
small  micrococci  arranged  as  a small  sarcina,  so  that  a sarcina- 
wilhin-sarcina-forra  results. 
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Fio.  11.— Giant  Micrococci,  from 
.SAME  Putrid  Sputum  as  in  pre- 
vious Figures. 

1.  Dumb-bells. 

•1  Division  of  clnmb-bellsinto  sareina. 
3.  Incomplete  division  into  sarcina. 


Fig.  12. — Sarctna-Micrococcus,  prom 
AN  Artificial  Cultivatio.n. 

1 . The  elements  of  each  sarcina-gronp 
of  four  appears  single. 

2 The  elements  incompletely  divided 
into  secondary  groups. 

3.  Each  element  of  the  preiions 
groups  has  divided  into  four 
small  micrococci. 


In  many  instances  the  individual  members  resulting  from 
division  remain  closely  adherent  without  any  definite  arrange- 
ment, and  thus  form  smaller  or  larger  continuous  masses, 
zooglma  or  colonies,  in  which  the  individuals  appear  embedded 
in  a hyaline  gelatinous  matrix  ; the  amount  of  this  varies  in 
the  different  species  ; in  some  there  is  little  of  the  matrix 
actually  visible,  the  micrococci  being  in  close  juxtaposition, 
in  others  it  is  easily  recognised,  the  interstices  between  the 
individuals  being  measurable. 

In  some  of  the  pigmented  species  (see  below)  the  interstitial 
matrix  contains  the  pigment.  Zooglcea  masses  always  present 
themselves  as  uniformly  granular,  the  granules  or  micrococci 
being  of  the  same  size. 

True  micrococci  never  elongate  to  form  rods,  although  in 
certain  rod-like  bacteria  the  individual  elements  sometimes 
assume  the  shape  of  spherical  elements  (see  below). 

Some  species  of  micrococci  form  after  some  days  a pellicle 
on  the  surface  of  the  nourishing  material,  although  there  is  also 
an  abundance  of  these  micrococci  in  the  depth  of  the  nourishing 
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material.  This  pellicle  is  composed  of  zoogloea,  and  after 
some  time  bits  of  it,  or  the  whole,  sink  to  the  bottom  if  the 
medium  13  fluid.  _ Micrococci  that  thus  form  pellicles  are  pre- 
eminently aerobic  (Pasteur),  i.e.  require  a great  deal  of  free 
oxygen,  which  they  receive  from  the  air  to  which  they  are  ■ 
exposed  on  the  surface  of  the  nourishing  material.  Other 
species  do  not  require  free  ox3'gen  (anaerobic,  Pasteur),  and 
therefore  grow  well  in  the  depth  and  do  not  form  a superficial 
pellicle.  There  is  a, marked  distinction  in  this  respect  between 
different  species.  The  micrococci  occurring  in  connexion  with 
disease  are  anaerobic. 

When  cultivated  in  the  incubator  in  suitable  fluid  nourish- 
ing material,  they  produce  after  a day  or  two  general 
turbidity. 

Micrococci  may  be  divided,  according  to  their  chemical  and 
physiological  function,  into : (a)  septic,  (b)  zyraogenic,i  (c) 
chromogenic,  and  (d)  pathogenic  micrococci. 

(a)  The  septic  micrococci  are  micrococci  that  occur  with  other 
septic  bacteria,  Avherever  there  is  decomposition  of  organic 
matter  in  solids  or  in  fluids.  There  exists  a large  number  of 
species  of  such  micrococci,  differing  from  one  another  in  size 
and  mode  of  growth.  They  are  widely  distributed  in  the  air, 
and  contamination  by  air  is  often  followed  by  the  appearance 
of  _ micrococci.  They  also  occur  in  the  body  of  man  and 
animals  wherever  there  is  dead  tissue,  in  which  they  grow 
well  and  copiously.  Of  this  kind  are  the  micrococci  found  in 
ordinary  pits  (Ogston),  in  the  normal  oral  cavity  (on  the  filiform 
papillcB  of  the  tongue  and  on  the  mucous  membrane),  in  the 
bronchial  secretion  in  ordinary  catarrhal  exudations  (nasal 
cavity,  bronchi,  &c.),  on  the  free  surface  of  intestinal  and 
other  ulcerations,  and  in  the  cavity  of  the  small  and  large 
intestine. 

{h)  Zymogenic  micrococci  are  micrococci  associated  with  de- 
finite chemical  processes,  (a)  Micrococcus  urese,  causing  the 
ammonical  fermentation  of  urine  (aerobic,  Pasteur),  occurs 
singly,  as  dumb-bells  or  chains,  and  as  zoogloca.  (/3)  The 
micrococcus  of  the  mucoid  wine  fermentation  produces 
(Pasteur)  a.  peculiar  mucoid  change  in  wine  and  beer,  and 
occurs  chiefly  in  chains,  (y)  Tlie  micrococcus  causing  phos- 
phorescence in  putrid  meat  and  fish  (Pfliiger)  Jorms  chiefly 
zoogloea  (aerobic). 

* I adopt  this  term  from  Fliigge : Ferniente  und  Mikroparasiten,  Leipzig,  18S3. 
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(c)  Chromogenic  micrococbi  (Schroter,  Cohn).  These  micro- 
cocci are  characterised  by  their  power  of  forming  pigment  of 
various  colours.  They  grow  well  at  ordinary  temperatures, 
and  occur  chiefly  as  zoogloea  ; they  differ  from  one  another  by 
forming  different  pigments.  The  thicker  the  layer  the  more 
-•  marked  is  the  pigment.  This  is  either  soluble  in  water  or  it 
is  insoluble,  and  therefore  remains  limited  to  the  cells  and 
their  interstitial  substance.  The  cells  are  spherical  (Micro- 
coccus prodigiosus,  chlorinus,  fulvus)  or.  slightly  elliptical 
(M.  luteus,  auriantiacus,  cyaneus,  violaceus).  They  are  all 
aerobic  and  produce  this  pigment  only  when  there  is  free 
access  of  air.  They  grow  best  on  boiled  potato,  bread,  paste, 
and  boiled-egg  albumen.  They  can  be  transplanted,  and 
always  produce  the  same  pigment.  When  growing  and  kept 
in  the  depth  of  a solid  nourishing  material,  i.e.  removed  from 
the  free  surface,  they  grow  as  colourless  micrococci.  They 
abound  in  the  air — in  some  localities  and  at  certain  seasons 


Fig.  13.— Oval  Micrococci  which  possess  a Blue  Colour,  Micrococcus 
Cyaneus,  singly  and  in  Dumb-bells. 

more  than  at  others,  (a)  Micrococcus  prodigiosus  is  blood- 
red,  the  colour  is  lodged  not  in  the  micrococci  but  in  the 
interstitial  substance,  and  is  insoluble  in  water,  soluble  in 
alcohol ; it  occurs  chiefly  as  zooglcea,  in  the  shape  of  smaller  or 
larger  droplets.  The  cells  are  the  smallest  of  all  pigment- 
micrococci.  (/3)  Micrococcus  luteus  is  yellowish,  and  the  pigment 
is  insoluble  in  water.  It  occurs  also  in  fluid  nourishing 
material,  forming  a pellicle.  I have  met  with  it  in  the  air,  and 
have  sown  it  in  fluid  pork  broth,  where  it  grew  very  abundantly 
at  a temperature  of  32°— 38°  C.  It  was  found  as  single  cells 
or  dumb-bells,  and  formed  a thick  pellicle  on  the  surface, 
which  after  some  time  sank  down  into  the  fluid,  the  pellicle 
retaining  a pale  yellow  colour,  (y)  Micrococcus  auriantiacus 
grows  on  boiled  - egg  albumen,  chiefly  as  zooglcea.  The 
pigment  is  soluble  in  water.  (S)  Micrococcus  cyaneus', 
violaceus,  chlorinus,  and  fulvus,  produce  blue,  violet,  green, 
and  brown  pigment  respectively.  The  first  two  grow  well 
as  zoogloea  of  elliptical  cells  on  boiled  potatoes,  the  third 
on  boiled-egg  albumen,  and  the  last  is  met  with  on  horses’ 
dung. 
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Clathrocystis  roseo-persicina  (Cohn),  peach-coloured  bac- 
terium, Bact.  rubescens  (Lankester),  is  an  organism  of  about 
0'0025  mm.  in  diameter,  spherical  or  oval  and  of  a bright  red 
colour.  The  cells  differ  from  micrococcus  prodigiosus,  not 
only  in  their  greater  size  and  their  intrinsic  colour,  but  also  in 
this  that  having  formed  zooglcea-masses  there  are  gradually 
developed_  cavities  or  cysts  therein,  which  are  filled  with 
water,  while  the. coloured  cells  occupy  their  periphery.  The 
cysts  ultimately  break  up.  Together  with  this  organism  occur 
other  pink-coloured  organisms  described  by  Cohn  as  monades. 

Monas  vinosa,  spherical  cells  about  0’002— 0 003  mm.  in 
diameter. 

Monas  Okenii,  cylindrical  cells,  0 008-0-005  mm.  long, 
0 005  rgm.  broad,  flagellate.  ” 

Rhabdomonas  rosea,  spindle-shaped,  0'004  mm.  broad, 
0'02— 0 03  mm.  long,  flagellate. 

Fionas  Warmingii,  spindle-shaped,  0'008  mm.  broad, 
0'015  — 0.020  mm.  long,  flagellate. 

Asrococcvs — Billroth  first  described  certain  peculiar  spheri- 
cal, oval,  or  knobbed  masses  of  minute  micrococci,  which  he 


found  in  putrid  meat  infusion.  Each  of  the  masses  is  enveloped 
in  a resistant  firm  hyaline  capsule  of  about  O'OlO  to  0'015  mm. 
thickness.  The  masses  are  of  various  sizes,  from  0‘02  to  0 07 


Fio.  H. — Ascococcus  Billrothi,  (after  Cohn). 


MICROCOCCUS. 


43 


VII.] 

min.  in  diameter,  and  are  composed  of  small  spherical 
micrococci.  Cohn  found  them  also  in  his  (Cohn’s)  nourishing 
fluid  (see  Chapter  II.  A.  7)'  where  they  produce  the  peculiar 
smell  of  cheese.  They  are  capable  of  changing  acid  nourish- 
ing material  into  alkaline.  Cohn  called  the  organism 
ascococcus  Billrothi. 

Sarcina  verHnculi. — Goodsir  was  the  first  to  describe  in  the 
vomit  of  some  patients,  peculiar  groups  of  four  cubical  cells, 
with  rounded  edges,  and  closely  placed  against  one  another. 
These  mrcince  ventrlculi  are  of  a greenish  or  reddish  colour. 
The  diameter  of  the  individual  cells  is  about  0’004  mm. 
They  are  found  in  the  contents  of  the  stomach  of  man  and 
brutes  in  health  and  disease,  where  the  groups  of  four  cells 
form  smaller  and  larger  aggregations.  Occasionally  small 
sarcime  occur  on  boiled  potatoes,  egg  albumen,  and  gelatine 
exposed  to  the  air.  These  sarcinse  are  considerably  smaller 
than  the  sarcina  ventriculi,  and  when  in  large  quantities  have  a 
yellowish  tinge.  Like  the  sarcina  ventriculi  they  are  in  groups 
of  four,  and  these  again  occur  in  larger  or  smaller  aggregations 
and  zoogloca.  I have  cultivated  them  successfully  through 
many  generations  in  pork  broth,  beef  broth,  mixture  "of 
gelatine  and  broth,  at  ordinary  temperatures  and  in  the 
incubator  ; more  easily  however  at  ordinary  temperatures. 

_(rf)  Pathogenic  w)/crococci.— Many  of  these  are  connected 
with  disease.  In  the  pus  of  open  wounds,^  and  in  that  of 
closed  abscesses,  occur  micrococci,  singl}^  in  dumb-bells,  and 
in  colonies  or  short  chains.'-^  but  there  are  certain  acute 
inflammations,  e.g.  that  produced  by  subcutaneous  injection  of 
turpentine,  the  pus  of  which  does  not  contain  micrococci  or 
any  other  organism.^ 

The  secretion  of  open  ulcers,  such  as  occur  in  ordinary  acute 
inflammations  of  the  skin  and  mucous  membranes,  in  ulcer- 
ations^  of  the  throat  due  to  scarlatina,  in  every  ulceration  of  the 
intestinal  mucous  membrane,  in  the  lymph  of  the  vesicles  of 
the  skin  and  mucous  membranes  of  the  mouth  occurriim  in 
various  kinds  of_  inflammations,  there  are  almost  always 
present  micrococci  in  dumb-bells,  often  also  in  beautiful 
chains.  ^ In  the  ulcers  and  abscesses  they  often  form  continuous 
masses,  i.e.  zoogloea,  encroaching  upon  the  tissue  of  the  base  of 
the  ulcer.  To  this  category  belong  the  minute  micrococci 

* W.  Clieyne,  Path,  Tranmct.  xxx. 

“Micrococcus  in  Acute  Ab.scesses,"  Med.  Journal,  March  15, 

s UskofT,  Virchow' K Archiv,  vol.  SO,  i.  p.  153. 
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(about  0-0005  mm.  in  diameter)  which  Klebs  described  as 
microsporon  septicum,  found  in  and  around  -wounds.  The 
spread  of  purulent  inflammation  in  connective  tissues  and 
in  parenchymatous  organs  is  often,  if  micrococci  are  present  in 
the  original  focus,  associated  with  a corresponding  spreading  of 
the  micrococci  ; these  easily  grow  into  all  the  spaces  and 
crevices  of^  the  tissues,  but  whether  this  spreading  of  the 
micrococci  is  merely  of  secondary  importance,  i.e.  concomitant 


’■'! 

Fia.  15. — From  the  Base  of  an  Ulcer  of  the  Mdcoos  Membrane  of  the  1 
. Larynx  in  a Child  that  Died  of  Acute  Scarlatina. 

!.  Nuclei  and  fibres  of  the  tissue. 

2.  Zougloea  of  micrococci.  ^ 

with  or  subsequent  to  the  spreading  of  the  inflammation,  or  if 
whether  it  is  the  primary  cause  as  some  assume,  is  not  clear,  H 
and  requires  definite  experimental  proof.  * 

In  all  cases  of  diarrhoea  the  secretions  of  the  bowels  swarm  | 
with  micrococci.  In  t3rphoid  fever,  clumps  of  micrococci  may  I 
be  found  very  extensively  on  the  ulcerations  of  the  bowels,  and  1 
in  the  mucous  membrane  surrounding  the  ulcerations,  and  -1 
may  be  even  traced  into  the  mesenteric  glands  and  the 
spleen. ' "! 

In  dead  tissues  within  the  living  body,  such  as  occur  after  .I 
embolism,  and  in  the  case  of  various  infectious  maladies, 
micrococci  may  be  found  in  colonies,  i.e.  as  zooglcea,  in  the  , 
blood-vessels  and  in  the  parts  around.  The  same  holds  good  i 
for  the  disseminated  abscesses  and  necroses  occurring  in 
connexion  with  surgical  pyannia.  In  this  malady  masses  of 
micrococci  have  been  found  in  many  of  the  affected  organs.^  ^ 

I 

* Ueporls  of  the  Medical  Officer.  IZIQ.  Letzerich,  Sokoloff,  Fisohel,  ito. 

“ “Report  of  the  Committee  of  the  Pathological  Society,’’  Pathul.  Tiaiisao-  l 
tUns,  vol.  XXX.  1 
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Wassilieff  1 has  shown  that  these  micrococci  only  occur  after 
the  death  of  the  tissue  or  tissues,  that  in  these  they  may 
multiply  so  as  to  form  extensive  colonies,  and  that  therefore  the 
presence  of  these  micrococci  is  only  a secondary  phenomenon. 


Fio.  16.— Capk.lary  Blood-Ves.seis  of  Necrotic  Masses  from  the.  Liver 
OF  A Mouse.  The  Capillaries  are  distended  by,  and  filled  with, 
ZOOGLCEA  OF  MICROCOCCI. 


In  pneumonia  accompanying  certain  infectious  maladies,  e.g. 
typhoid  fever,  tuberculosis,  and  even  in  severe  catarrhal  pneu- 
monia, large  masses  of  micrococci  may  occur  in  the  air-cells. 


s 


Fio  17.— From  a Preparation  of  the  Blood  of  a Child  ill  wuh 
Infantile  Diarrhiea. 

1.  Blood-discs. 

2.  Dumb-bells  of  micrococci. 

In  those  cases  where  lobules  and  whole  lobes  become  trans- 
formed into  solid  structures — grey  hepatisation — masses  of 
micrococci  may  be  found  in  the  air-cells,  and  even  growing  into 
the  blood-vessels  in  which  stasis  had  set  in.  Such  is  the  case 


Centralblattf.  d.  med.  Wiss.  No.  52,  1881. 
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in  pleuro-pneuiiionia  of  cattle  and  in  tlie  pneuinouia  of  swine 
lever.  Pastenr  lias  cultivated  the  micrococci  in  swine  lever 
and  thought  that  he  had  reproduced  the  malady  by  inoculation! 
But  this  is  not  the  case.  The  micrococci,  although  very 
•abundantly  preset  in  the  bowels  and  in  the  body,'  have 
nothing  to  do  with  the  malady.  Pasteur’s  inoculations  with 
the  cultivated  micrococci  are  quite  fallacious;  his  positive 
results^  are  no  doubt  accounted  for  by  accidental  air-infection, 
for  this  malady  is  highly  infectious,  and  unless  the  most 
rigorous  precautions  are  taken  to  obviate  infection  through  the 
air,  positive  results  may  be  obtained  which  in  reality  are  due 
to  accidental  air-infection.'^ 

Micrococci  occur  always  normally  in  large  quantities  in  the 
lluids  (saliva  and  mucus,  &c.)  of  the  nasal  and  oral  cavities, 
pharynx,  larynx,  and  trachea  ; they  are  derived  no  doubt 
from  the  atmosphere.  On  the  papillae  filiformes  of  the  tongue 
they  form  in  .some  cases  large  ma.sses.?  Pasteur  •*  has  inocu- 
lated rabbits  with  the  saliva  of  a child  that  suffered  from 
hydrophobia,  and  having  cultivated  artificially  the  micrococci 
present  in  this  saliva,  thought  to  ha\-e  discovered  that  a 
micrococcus  {microbe  speciale)  ^ is  the  cause  of  hydrophobia. 
That  saliva  of  the  healthy  dog  and  of  man  inoculated 
subcutaneously  into  rabbits  sometimes  produces  death  in  these 
animals  (Senator)  had  entirely  escaped  his  notice,  and 
Sternberg®  has  proved  this  in  an  extensive  series  of  ex- 
periments. His  own  saliva  proved  sometimes  fatal  to  rabbits. 
They  die  of  what  is  called  septicaemia,  and  Sternberg  thinks  it 
due  to  the  micrococci ; but  this  is  not  to  be  considered  as 
proved. 

All  these  micrococci  stand  therefore  in  no  definite  causal 
relation  to  the  respective  maladies,  but  are  probably  only  of 
secondary  importance. 

The  following  micrococci  are  considered  to  stand  in  an 
intimate  relation  to  specific  diseases  ; — 

1.  Micrococcus  variolce  et  vacdnice. — Chauveau^  was  Ihe 
first  to  prove  experimentaUy  that  in  vaccinia  and  in  variola 
the  active  principle  is  a particulate  non-dill’usible  substance. 

* Itfports  of  the  Medical  Officer,  1878,  1879.  - 

“ Ibidem. 

3 Butlin,  “ Fur  of  the  Tongue,”  Proceedings  of  the  Royal  Society,  1880. 

* Comptes  Rendus.  xlii. 

5 It  is  not  quite  cleur  whether  this  microte  sptcialc  is  aduiub-boll  inierococcus 
or  a bacterium  termo  ; it  is  quite  possible  that  it  is  the  hitter,  viz.  a rod  e»n- 
strieted  in  the  niiddle.  Tf  so,  it  would  appear  identical  witli  the  bacterium  that 
produces  Davaine’s  septicajuiia  in  rabbits  (see  Cli.ipter  viii  ). 

6 BulletiH,  April  30,  1881,  National  Board  of  Uealth,  U.S.A. 

7 Comptes  Rendus,  1808. 


MICROCOCCUS. 


4 


VII.] 


Burilon  Stiiider.son  confirmed  and  extended  this.'  Colin  ^ 
proved  that  the  lymph  of  vaccinia  and  variola  contains 
numerous  micrococci.  W eigert  ^ showed  tor  human  small-pox, 
Klein  ^ for  sheep-pox,  that  the  lymphatics  of  the  skin  in  the 
region  of  the  pock  are  filled  with  micrococci,  and  Pohl-Pincus® 
traced  their  passage  through  the  ejiidermis  at  the  point  of 


Fig.  18. — Micrococcus  is  the  Fresh  Lymph  oe  Human  Small-pux. 

1.  Sinfily. 

2.  In  diiinb-hells. 

3.  In  shoit  chains. 


vaccination  in  the  calf.  The  micrococci  are  very  minute, 
according  to  Cohn’s  estimate  O'OOOS  mm.  and  less  in  diameter, 
single  or  in  dumh-hells,  or  in  shorter  or  longer  chains,  or  in 
small  groups.  When  cultivated  on  the  warm  stage,  they  form 
very  long  chains  and  colonies.  In  connexion  with  this  it 


Fio.  19. -Lymphatic  Vessel  from  the  Skin  ok  a Puck  in  Sheep-po.'c 
The  vessel  is  filled  with  luicrococei. 


must  be  mentioned,  as  stated  on  a former  page,  that  similar 
micrococci  occur  also  in  the  fluid  contents  of  vesicles  in  the 
skin  produced  by  various  non-infective  inflammations.  To 
make  it  sure  that  the  micrococci  are  the  active  principle,  i.e. 
the  cavsa  morhi,  it  would  be  necessary  to  artificially  cultivate 
them  through  several  generations,  and  then,  by  re-inoculating 

* Jfflporta  on  the  Intivuife  Pafhnlony  nf  Corttnyion. 

® Virchow's  Arclilr,  1S72,  Keber,  H Olier,  Ziivn.  3 Nediz.  Oentralbatt,  ISTl. 

‘ Phil.  Transact.  1S74.  5 Vaccination,  Berlin,  1SS2. 


48 


MICEO-ORQANISMS  AND  DISEASE.  [chap. 

them,  to  reproduce  the  disease.  This  essential  link  in  the 
evidence  is,  however,  still  wanting.^ 

2.  Micrococcus  erysipelatosus. — The  micrococcus  is  very 
minute,  smaller  than  that  of  vaccinia.  Lukomsky  ® showed 
that,  at  the  margin  of  an  erysipelatous  zone,  that  is  the  part 
where  the  disease  is  progressing  and  marked  by  the  character- 
istic redness  and  swelling,  the  lymphatics  of  the  skin  are 
lilled  with  zoogloea  of  micrococci,  and  the  injection  of  these 
vessels  keeps  pace  with  the  progress  of  the  erysipelatous 
process.  0th®  cultivated  these  micrococci  artificially,  and 
with  such  cultures  produced  by  inoculation  erysipelas  in 
rabbits.  Fehleisen^  placed  this  beyond  any  doubt,  inasmuch 
as  he  produced  successive  cultures  of  these  micrococci  (derived 
from  the  lymphatics  of  erysipelatous  human  skin),  and  then 
by  re-inoculation  produced  the  disease  not  only  in  rabbits  but 
also  in  man.  Fehleisen  found  the  micrococci  only  in  the 
lymphatics  of  the  affected  parts,  and  these  he  cultivated 
artificially  for  fourteen  generations— which  it  took  two  months 
to  do — on  peptonised  meat-extract  gelatine,  and  solid  serum. 
The  micrococci  form  a whitish  film  on  the  top  of  the  noitrish- 
ing  material,  and  when  inoculated  into  the  skin  (ear)  of 
rabbits,  a characteristic  erysipelatous  rash  makes  its  appear- 
ance after  from  thirty-six  to  forty-eight  hours,  and  spreads  to 
the  root  of  the  ear,  and  further  on  to  the  head  and  neck.  The 
animals  do  not,  however,  die  from  it.  In  the  human  subject 
he  produced  typical  erysipelas  after  inoculation  with  the  pure 
cultivated  micrococcus  in  fifteen  to  sixty  hours.  These 
inoculations  were  justifiable  because  they  were  undertaken 
with  a view  to  cure  certain  tumours.  Tims  one  case  of  lupus, 
one  case  of  cancer,  one  case  of  sarcoma,  were  considerably 
affected,  and  to  the  good  of  the  patient. 

Fehleisen  also  in  several  instances  carried  out  successfully  a 
second  inoculation  -within  a few  months.  The  same  observer 
also  found  that  a 3 per  cent,  solution  of  carbolic  acid  and  a 1 
per  cent,  solution  of  corrosive  sublimate  destroys  the  vitality 
of  this  micrococcus. 

3.  Micrococcus  diphtheriticus. — Buhl,  Hiiter,  and  Oertel  had 
shown  that  in  diphtheria  the  membranes  include  micrococci. 
Oertel  ® found  this  micrococcus  in  large  numbers,  not  only  in 

' See  the  prize  announcement  of  the  Grocers’  Company,  London,  TS8S. 

“ Virch.  Archiv,  vol.  fiO.  3 Archivf.  exp.  Path.  Bd.  i 1874. 

^ Die  Aetiologie.  d.  Kryeipels.  Berlin,  1883. 

5 “ Rxperim.  Unters.  Uber  Diphtheric,”  Deutsches  Archiv  f.  hlin.  Med.  Bd. 
viii.  1871. 
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tlie  cliplitheritic  menibranea  of  the  organa  of  the  throat  and  in 
Iheir  neighbourhood  aa  well  as  in  the  surrounding  lymphatics, 
but  also  in  the  blood  of  the  general  circulation,  in  the  kidney, 
and  in  the  muscles.  The  micrococci  are  about  0’00035— O'OOl 
mm.  in  diameter,  are  slightly  oval,  occur  singly  or  in  dumb- 


bcdls  or  in  short  chains  ; they  form  also  continuous  masses 
of  zooglma  in  the  shape  of  spherical  or  cylindrical  clumps,  and 
as  such  they  penetrate  and  destroy  the  surrounding  connective 
and  musculai'  tissues.  In  severe  cases  they  are  found  blocking 
up  the  capillaries  of  the  glomeruli  and  the  uriniferous  tubules 
of  the  kidney. 

Besides  micrococci  there  occur  in  the  diphtheritic  membranes 
also  other  (rod-shaped)  bacteria,  but  these  are  evidently  only 
accessory.!  Cultivations  and  inoculations  with  pure  cultivations 
of  this  micrococcus  are  still  wanting. 

4.  Micrococms  pneumonm. — In  acute  croupous  pneumonia 
there  occur  in  the  affected  lungs  large  numbers  of  micrococci  ; 
Klebs,  Eberth,  Koch,  Leyden,  ancl  others  have  seen  them, 
but  Friedlander  ^ first  pointed  out  their  constant  occurrence. 
According  to  this  observer  they  are  oval,  of  an  oval  nail-like 
shape,  about  O’OOl  mm.  long,  and  occur  in  the  sputum  singly, 
but  especially  as  dumb-bells  or  diplococci,  as  chains,  and  as 
zoogloea.  _ ZiehP  found  them  in  very  largo  crowds  in  the 
sputum,  giving  to  this  in  the  early  stages  the  peculiar  character- 
istic brownish  “ prune-juice  ” tint.  But  this  statement  cannot 
be  correct,  since  this  tint  may  be  very  pronounced  although 
the  sputum  contains  only  a limited  number  of  the  micrococci. 
According  to  this  observer  they  are  very  numerous  only  in  the 
beginning  of  the  illness  ; after  the  critical  stage  they  decrease 
in  numbers. 


Fro.  20.— Portion  of  a T)ipnTHFnTTic  Mf.mbrane. 
Numerous  micrococci  present. 
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Griffini  and  Cambria  saw  the  micrococci  also  in  the  blood. 
SalviaH  found  that  their  number  increases  after  the  third  day  ; 
on  the  ninth  or  tenth  day  they  quite  disappear. 

G.  Giles’-  found  them  in  many  cases  of  pneumonia  (in 
India),  both  in  the  sputum  and  in  the  blood.  Cultivations  on 
boiled  ^tato  yielded  good  crops.  These  cidtivated  micrococci 
injected  into  the  subcutaneous  tissue  of  rabbits  produced 
pneumonia. 

Salviali  and  Ziislein®  cultivated  the  micrococci  (derived 
from  the  blood)  in  meat  broth,  meat  extract  solution,  &c.,  at 
370  390  0^^  obtained  good  crops  of  them,  with  which  tliey 
produced  by  inoculation  in  seven  rabbits  and  six  white  rats, 
typical  pneumonia  yielding  the  characteristic  micrococci. 
These  micrococci  stain  best  in  a mixture  of  Bismarck  brown 
and  methyl  violet,  but  they  stain  also  very  well  in  gentian 
violet. 

Quite  recently  Friedliinder  and  Erobenius  ® cultivated  the 
micrococci  in  gelatine  mixtures,  and  obtained  good  crops.  The 
micrococci  were  of  the  peculiar  nail-like  shape,  and  were 
characterised  by  a mucinous  capsule.  Inoculation  "with  the 
cultivated  micrococci  into  the  lungs  of  dogs  was  followed 
occasionally  by  positive  results  ; in  rabbits  no  result  was  ob- 
tained, and  in  mice  lobar  croupous  pneumonia  and  pleurisy 
invariably  followed  the  inoculation  twenty -four  to  forty-eight 
hours  afterwards.  In  guinea-pigs  the  results  were  not  so 
decisive.  About  half  of  the  animals  escaped,  the  others  died 
with  dyspnoea,  the  blood,  lungs,  and  pleural  exudations  con- 
taining the  same  micrococci.  From  my  oAvn  observations  I 
cannot  accept  these  statements  without  qualification,  for  I find  : 
That  even  in  typical  cases  of  croitpous  pneumonia  of  man,  the 
micrococci  may  be  absent  or  may  be  only  very  scarce  even 
between  the  third  and  ninth  day ; that  typical  sputum  of 
•croupous  pneumonia  does  not  in  many  instances  produce  disease 
in  animals  on  inoculation  ; and  that  the  disease  prodiiced  in 
rabbits  and  mice  is  of  the  nature  of  septicaemia,  due  to  a 
specific  septicaemic  micrococcus  not  necessarily  always  present 
in  the  .sputum  and  lungs  of  human  croupous  pneumonia. 

If  the  fluids  containing  these  micrococci  were  heated  to 
about  70°  C.  they  became  inefficacious  ; mice  inocirlated  with 
them  remained  healthy.  Such  inefficient  micrococci  {i.e.  first 
heated  to  aboirt  70°  C.)  did  not  grow  any  more  on  gelatine. 
Friedliinder  and  Frobenius  found  also  that  when  mice,  shut 


* Brit.  Med.  Journal.,  July  7,  1883. 

Centralb  f.  nud.  Wise.  No.  41,  18fc8. 

3 Berichte  d.  i^hyaiolog.  Ccsellsckajt  in  Berlin,  Nov  9, 188,3. 
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up  ill  a chest,  were  compelled  to  breathe  an  atmosphere  satu- 
rated by  means  of  a spray  with  the  micrococcus  pneumoniae,  a 
number  of  them  died  from  pneumonia  and  pleurisy,  but  not 
till  the  fourth  or  fifth  day. 


Fio.  21.— From  a Section  Through  the  Human  Iiuno  in  Acute  Croupous 

Pneumonw. 


Three  capillaiy  vessels  flllecl  ivith  blood  are  seen  surrounding  an  alveolus  which 
is  filled  with  fibrin  and  blood-corpuscles,  amongst  them  chains  of 
micrococci. 

Magnifying  power  700.  (Stained  with  gentian  violet.) 


Bruylants  and  Terriers  ^ assert  that  they  have  successfully 
cultivated  the  micrococci  of  pleuro-pneumonia  of  cattle. 

More  recently  ^ T.  Poels  and  Dr.  W.  Nolen,  in  Eotterdam, 
assert  that  they  have  ascertained  that  in  pleuro-pneumonia  of 
cattle  the  pulmonary  exudations  contain  micrococci,  which  in 
their  morphology  and  mode  of  growth  in  artificial  cultures 

' Bull.  V Acad.  Belg.  18S0. 

2 Cnitrnlb.  f.  d.  med.  PViaa.  No.  9,  1S81.  • 
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are  identical  with  the  micrococci  of  human  pnetimonia.  And 
they  further  assert  that  artificial  cultures  of  the  micrococci 


Fio.  22.— From  A Preparation  of  Er.oon  op  Uabrit  peai>  after  Inoculation 
WITH  Sputum  of  Acute  Croupous  Pneumonia. 

Weigert-Kop.h  methofi,  stnined  with  gentian  violet.  Numbers  of  blood  discs, 
between  them  oval  micrococci,  surrounded  by  hyaline  capsules. 
Magnifying  power  700. 


derived  either  from  human  pneumonia  or  from  pleuro-pneu- 
monia  of  cattle,  produce  in  cattle  the  typical  pi  euro-pneumonia. 


01  _ v.mM  A Preparation  of  Pleural  Exudation  op  a Mouse  dead 
WITH  Blood  of  Babbit  mentioned  in  preoedino  Houke. 

Magnifying  power  700. 


From  my  own  observations  I have  reason  to  doubt  the  accuracy 
of  these  statements. 
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5.  Micrococcus  gononiicece. — Micrococci  have  been  found  in 
the  pus  of  gonorrhosa.  Xeisser/  and  later  Bokai  and  Finkel- 
steiu,'^  described  them  as  spherical  organisms  of  about  0'008 
mm.  diameter,  generally  forming  dumb-bells,  or  sarcina-like 
colonies  of  four.  Several  such  groups  form  a zoogloea.  They 
adhere  to  the  pus-corpuscles  and  epithelial  cells.  They  stain 
easily  and  v^ell  in  methyl  violet  and  gentian  violet.  Bockhart  ® 
has  succeeded  in  artificially  cultivating  these  micrococci,  arid 
in  producing  the  disease  by  inoculation  with  the  culti\’ated 
organisms. 


Fio.  2U— 'Two  Laege  Scaly  Epithelial  Cells  ok  Gonorrhceal  Pus. 

Tlie  epitUelial  eeUs  are  covered  with  niicrncocci,  cliicfly  in  dumb-bells,  some 
in  sarciua  form. 


Aufrecht^  reports  the  case  of  an  infant  twelve  days  old  who 
died  -with  suppuration  of  the  umbilical  vein  and  liver.  The 
liver  cells  and  the  interlobular  tissue  were  crowded  ,with 
micrococci  (shown  in  sections  by  means  of  a 2 per  cent,  watery 
solution  of  Bismarck  brown).  These  micrococci  corresponded 
in  size  to  the  micrococcus  gonorrhoea,  and  he  thinks  it  probable 
that  they  were  derived  from  the  vagina  of  the  mother  ; during 
birth  they  might  have  got  into  the  umbilical  vein,  there  caused 
inflammation,  and  thence  passed  into  the  liver. 

6.  Micrococcus  endocarditicus. — Micrococci  in  the  form  of 
zoogloea  have  been  seen  in  endocarditis  ul  crosa.  They  some- 
times form  plugs  in  the  blood-vessels  of  the  muscular  tissue  of 

' Centralh  f,  d.  •med  Wi88.  No.  28,  1S79. 

3 Prng*>r  vmd  chir  Prcsse  May  18H0. 

3 Sitznnpsberichte  dev  phii8.-med.  GcHelhch.  in  Wurzburg^  Sept.  18b2. 

^ Cenlralb  f.  d.  med  No.  16,  1868. 
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the  heart  (Heiberg,’  Maier,^  Eberth,^  Koster,^  Klebs®).  Heiberg 
saw  the  micrococci  forming  chains  in  the  muscle  of  the  heart, 
in  the  detritus  of  the  ulcerations  of  tlie  endocardium,  in  the 
plugs  in  the  vessels  of  the  spleen  and  kidney. 

7.  Micrococcus  scarlatina;. — In  scarlatina  Coze  and  Feltz  ® 
described  micrococci  as  occurring  in  the  blood  ; as  I have 
mentioned  above,  I have  seen  them  in  the  ulcerations  of  the 
throat,^  and  quite  recently  Pohl-Pincus*  described  very  minute 
micrococci  adhering  to  the  scales  of  the  desquamating  epidermis 
in  scarlatina.  They  form  small  colonies,  and  stain  violet  vdth 
a saturated  solution  of  methyl  violet.  Their  diameter  is  very 
small,  only  about  0'0005  mm.  The  same  micrococci  were 
noticed  by  Pohl-Pincus  in  the  throat-discharge.** 

8.  In  the  so-called  cattle  plague  (or  rinderpest)  micrococci 
have  been  found  in  the  lymphatic  glands  by  Klebs  (1872)  and 
by  Semmer  in  the  blood  and  lymphatic  glands  (1874  and 
1881).  In  conjunction  with  Archangelski,’®  Semmer  cultivated 
the  micrococci,  obtained  from  the  lymphatic  glands  of  a sheep 
dead  of  inoculated  rinderpest,  in  beef  broth,  in  meat-extract 
solution,  and  in  mixture  of  broth,  peptone,  and  gelatine  at 
•87°-39°  C.  The  micrococci  grew  very  copiously  as  zoogloea 
and  in  chains.  With  these  micrococci  (of  a first  transfer  or 
cultivation)  a calf  was  inoculated,  and  died  after  seven  days 
from  rinderpest.  The  cultures  when  transferred  lose  gradually 
their  virulence  from  one  generation  to  the  next,  but  animals 
(sheep)  inoculated  with  these  are  protected  against  further 
virulent  disease.  Further,  cultures  exposed  for  an  hour  to  a 
temperati^re  of  46°-47‘’  C.  become  greatly  attenuated  in  their 
action,  and  sheep  inoculated  with  virus  thus  attenuated  are 
protected  against  virulent  material.  Temperatures  of  -10°  to 
-20°  annihilate  the  activity  of  rinderpest  organisms.  The 
specific  nature  of  these  micrococci  of  rinderpest  cannot, 
however,  be  considered  at  all  established  as  in  the  case  of 
those  mentioned  above,  e.g.  micrococci  of  erysipelas  and 
gonorrhoea, 

9.  In  puerperal  fever  micrococci  have  been  found  in  the  form 
of  zoogloea  by  Heiberg,”  in  all  affected  organs— endocardium, 

' Virchow's  Archiv,  \ol  56.  “ Ibid  vol.  62, 

3 Ibid  vol.  67.  “*  Ibid  vol  72. 

5 Archiv  f.  exp.  Path.  Bd  9.  ® Malad.  ivfect.  1872. 

7 Report  of  the  Medical  Officer  of  the  Privy  Council  for  1876. 

8 Cenlralb.  f.  d.  vied.  Wise  No.  36,  1883. 

9 Seen  .ilrendy  by  McKcndrick,  British  Med  Journal.  1872. 

“>  Cenlralb.  f d.  vied.  Wise.  No.  18,  1883.  " Leipzig,  1873. 
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lung,  spleen,  cornea,  in  a case  of  panoplitlialmitis  puerperalis, 
and  in  the  kidney,  forming  casts  in  the  uriniferous  tubules  and 
emboli  in  the  blood-vessels.  Laffler  ^ found  zoogloea  _ and 
chains  of  micrococci  in  two  cases  of  puerperal  fever  associated 
Muth  brain-softening.  In  both  cases  emboli,  due  to  micrococci, 
were  found  in  the  surroundings  of  the  softened  part  of  the 
brain.  Emboli  of  micrococci  were  also  here  found  in  the 
vessels  of  the  kidney. 


10.  In  pernicious  anceniia  Frankenhauser  “ described  the 
occurrence  of  micrococci  (?)  in  the  blood  of  pregnant  women 
suffering  from  this  anaemia,  not  uncommon  in  Zurich.  These 
micrococci  were  very  large,  about  one-tenth  of  the  broad 
diameter  of  a red  blood-corpuscle,  and  some  were  provided 
with  a flagellum  (?).  Some  were  divided  in  two.  In  the  blood 
of  the  liver  they  occurred  in  large  numbers.  Frankenhauser’s 
description  makes  it  very  difficult  exactly  to  understand  what 
he  saw.  He  also  states  that  these  micrococci  were  probably 
derived  from  decayed  teeth,  from  which  all  his  patients 
suffered. 

Eppinger  ® described  micrococci  as  occurring  in  acute  yellow 
atrophy  of  the  liver. 


11.  In  the  syphilitic  mucous  patches  of  several  patients 
Aufrecht  found  a micrococcus,  forming  generally  dumb-bells 
and  staining  very  deeply  in  fuchsiu.  * Birch-Hirschfeld  ® 
confirmed  this. 


12.  Micrococcus  of  acute  infectious  osteomyelitis. — Dr.  Becker 
has  made,  in  the  laboratory  of  the  Berlin  Imperial  Sanitary 
Office,  a series  of  important  experiments  on  the  micro-organi.sms 
discovered  by  Schuller  and  Rosenbach.  He  collected  pus  from 
five  cases  of  acute  osteomyelitis  in  which  the  abscesses  had  not 
been  opened,  and  cultivated  the  micrococci  contained  in  it  on 
sterilised  potatoes,  coagulated  serum,  and  gelatine-peptone. 
In  the  latter  case,  the  pus  was  introduced  by  means  of  needles 
into  the  mass,  which  was  then  kept  at  the  temperature  of  the 
room  during  three  to  five  days.  After  that  time,  the  puncture 
made  by  the  needles  assumed  the  axipearance  of  white  streaks, 
around  which  the  gelatine  liquefied  gradually  and  took  an 
orange-colour.  After  a few  days  more,  the  mass  gave  out  a 
smell  like  sour  paste,  and  the  microscope  revealed  the  presence 

' Tirenlauer  arztl.  ZHUckrift.  1880. 

“ Centralb  f.  d med  Wiss.  No.  4.  1883. 

4 Centralblalt  f d.  med.  Wiss.  No.  13,  1881. 


3 Prager  Viertelj.  1875. 
5 Ibid.  No.  44,  1882. 
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of  large  numbers  of  micrococci,  having  the  same  appearance 
as  those  found  in  the  pus.  A small  quantity  of  the  mass  was 
mixed  with  sterilised  water  and  i7ijected  into  the  peritoneal 
cavity  of  some  animals  ; they  died  in  a very  short  time  of 
acute  peritonitis.  The  same  fluid  injected  into  the  jugular 
vein  caused  acute  septicaemia  and  death  ; hut  nothing  abnormal 
was  found  in  the  bones  in  either  case.  Dr.  Becker  then  in- 
jected a small  quantity  of  the  same  fluid  into  the  jugular  vein 
of  fifteen  rabbits,  after  having,  some  days  before,  fractured  or 
bruised  the  bone  of  one  of  the  hind  legs.  On  the  day  after 
the  injection,  weakness  and  loss  of  appetite  were  noticed  ; but 
after  a short  time  the  symptoms  passed  away,  and  the  animals 
seemed  to  have  recovered.  At  the  end  of  the  first  week,  how^- 
ever,  a swelHug  formed  at  the  seat  of  the  bruise  or  fracture, 
the  animals  lost  flesh,  and  died  after  a few  days.  On  dissection, 
large  abscesses  were  found  around  and  in  the  bones,  and  in 
several  cases  metastatic  abscesses  had  formed  in  the  lungs  and 
kidneys.  Numerous  colonies  of  micrococci  were  discovered  in 
the  blood  and  pus  of  the  animals  upon  wdiich  the  experiments 
w'ere  made.  {Brit.  Med.  Journal,  March  29,  1884.) 

13.  Kochi  described  various  kinds  of  micrococci  inti- 
mately connected  with  certain  destructive  (pyaemic)  processes 
in  mice  and  rabbits,  (a)  ^licrococcus  oi  progressive  necrosis  in 
mice.  Injecting  into  the  ear  of  mice — white  mice,  or  better, 
field  mice — putrid  fluids,  he  observed  a necrosis  of  the  tissues 
of  the  ear  (sldn,  cartilage)  starting  from  the  point  of  inocida- 
tion  and  gradually  spreading  on  to  the  surrounding  parts  and 
kiUing  the  animal  in  about  three  days.  As  far  as  the  necrosis 
reaches,  the  tissue  is  crowded  with  micrococci,  chiefly  in  the 
form  of  chains  and  zooglma.  The  individual  cells  are  spherical, 
of  about  0’0005  mm.  in  diameter.  I may  mention  that  I have 
found  a somewhat  different  micrococcus  virulently  active  on 
mice.  I have  inoculated  a number  of  white  mice  subcutane- 
ously in  the  tail  wdth  a small  micrococcus  cultivated  through 
several  generations,  and  apparently  derived  from  an  artificial 
cultivation  in  pork  broth,  but  due  to  accidental  contamination. 
These  micrococci,  after  having  been  cultivated  in  pork  broth 
through  several  generations,  were  used  in  infinitesimal  doses 
for  the  inoculation  of  the  above  mice.  In  twn  instances  I 
have  seen  that  the  inoculation  was  followed  after  twn  to  three 
days  by  purulent  inflammation  at  the  seat  of  inoculation,  but 
apparently  not  spreading  beyond  it.  But  as  time  wnnt  on 

^ Untei’suckungcn  iibcr  die  Aetiologie  d.  Wundinfcctions-Krankhcitcn,  Leipzig, 
i87y. 
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inflammation  and  abscess  in  the  lungs  set  in  and  the  animals 
died  after  about  a week.  On  making  longitudinal  sections 
through  the  tail,  it  was  found  that  in  most  of  the  lymph- 
spaces  and  lynipli-vessels  of  all  parts  of  tlie  cutis  and  subcu- 
taneous tissue,  far  away  from  the  seat  of  inflammation,  there 
were  dense  crowded  masses  of  the  same  minute  micrococci  as 
were  used  for  inoculation  And  these  crowds  of  micrococci 
could  be  traced  to  the  seat  of  inflammation,  where  they  ex- 
tended amongst  the  inflammatory  products  in  great  masses. 
The  abscesses  in  the  lungs  were  filled  with  the  same  iincro- 
cocci.  Inoculated  into  the  skin  of  fresh  mice,  it  again  pro- 
duced death  by  pymmia.  This  micrococcus  may  therefore 
be  called  the  micrococcus  pywmice  of  mice.  (5)  Microccccus 
causing  abscesses  in  rabbits.  Putrid  blood  injected  into  the 


Fio  25.— From  a Section  Through  the  Tail  of  a Mouse  inoculated 
INTO  the  Subcutaneous  Tissue  of  the  Tail  with  abiipicially  culti- 
vated Micrococcus. 

The  part  here  illustrated  is  a good  distance  from  the  ulceration. 

1.  A.  capillary  blood-vessel  fiUed  with  blood-coi’puscles. 

2.  Fat  cells. 

3.  Groups  of  micrococci  lilling  the  lymph-spaces  of  tlie  connective  tissue. 

subcutaneous  tissue  of  the  rabbit  often  produces  suppurative 
abscess  which,  spreading,  kills  the  animal  in  about  twelve  days. 
In  the  wall  of  the  abscess  are  found  continuous  masses  of 
zooglcca  of  micrococci.  The  pus  is  infectious.  The  micrococci 
are  spherical,  and  of  a very  minute  size,  measuring  only  about 
0-00015  mm.  in  diameter,  (c)  Micrococcus  causing  pycemia  in 
rabbits.  Skin  of  a mouse  was  macerated  in  distilled  water  for 
two  days,  and  of  this  fluid  a hypodermic  syringe-full  was  in- 
jected under  the  skin  of  the  back  of  a rabbit,  ^'ter  two  days 
tlie  animal  began  to  lose  flesli  and  died  after  105  hours. 
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Pnrulent  infiltration  spread  from  the  seat  of  inoculation  into 
the  snbcutaneons  tissue  ; peritonitis  ; spleen  mnch  enlarged  • 
slight  pneumonia.  A hypodermic  syringe-full  of  the  blood  of 
this  animal  was  injected  under  the  skin  of  a second  rabbit, 
and  this  died  after  forty  hours.  Post-mortem  examination 


Fia  2C.— rnoM  a Pyogksic  Mfm- 

BBANK  COVERING  THE  SEROGS  CoaT 
OF  THE  Intestine  of  a Habbit 
DEAD  OF  PVAiMIA. 

1,  A large  oval  BBcleiis,  proliably  tlie 

nucleus  of  a detached  endolheliul 
cell. 

2.  A pus  corpuscle. 

The  rest  of  the  pyogenic  membrane 
is  beset  with  small  micrococci. 


I'lo.  27. — PViEMiA  OF  Rabbit. 

Elond  of  spleen.  Between  red  blood- 
discs  three  dumb-bells  and  two 
single  micrococci  are  shown. 
(Gentian  violet  staining. ) 

[The  micrococci  ns  here  represented 
are  somewhat  too  large.  ] 


showed  the  same  lesions  as  in  the  first  case.  In  the  blood- 
vessels of  the  affected  parts  were  present  micrococci,  single,  as 
dumb-bells,  and  in  zoogloea  ; they  were  spherical,  about 
0’00025  mm.  in  diameter,  (d)  Micrococcus  causing  septiccemia 
in  rabbits.  An  infusion  of  meat  was  prepared  ; this  was  left 
to  putrefy,  and  of  this  fluid  a quantity  was  injected  under  the 
skin  of  the  back  in  two  cases.  Extensive  gangrene  with  much 
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Fig.  28.- 


-Oval  MicRorccci  from  the  Bi.ood-ve.=sel  of  the  Spleen  of  a 
Rabbit,  dead  of  Koch’s  Septic.«mia. 


oedematous  exudation  followed,  and  death  ensued  in  two  days 
and  a half.  The  blood,  the  capillaries  of  the  kidney,  and  the 
enlarged  spleen,  contained  numerous  oval  micrococci.  Two 
drops  of  the  oedematous  exudation-fluid  were  injected  under 
the  skin  of  the  back  of  another  rabbit.  Death  followed  in 
twenty -two  hours.  There  was  no  gangrene  here  ; but  oedema 
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■\va.s  present,  spreading  from  the  seat  of  the  inoculation.  Suh- 
serous  htemorrhages  appeared  in  the  intestines  ; nnd  miriute 
hcemorrhages  were  also  present  in  the  cedematous  tissue  and  in 
the  muscles  of  the  thigh  and  abdomen.  The  cedematous 
fluid,  tlie  cutaneous  veins,  the  capillaries  in  the  kidney,  espe- 
cially those  of  the  glomeruli,  in  the  lung,  and  in  the  spleen, 
contained  numerous  oval  micrococci,  singly,  as  dumb-bells,  and 
in  zoogloea.  The  micrococci  measured  about  O'OOOS  to  0-001 
mm.  in  their  long  diameter.  These  micrococci  (taken  with 
the  blood)  produced  in  another  rabbit  and  in  a mouse  the  same 
fatal  disease. 


14.  Micrococcus  hom,hycis  (Microzyma  bomhyc:s,  Bdchamp). 
— Oval  micrococci,  of  about  0'0015  mm.  in  length,  present  in 
large  numbers,  .singly,  and  as  dumb-bells  and  chains  (straight 
or  curved),  in  the  contents  of  the  alimentary  canal  and  in  the 
gastric  fluid  of  silkworms  dead  of  the  “ maladie  de  morts- 
hlancs,  flachcric'’ — Micrococcus  ovatus,  Nosema  bombycis. 
Present  in  large  numbers  in  the  blood  and  organs,  ova  in- 
cluded, of  silkworms  affected  with  the  disease  called  “ maladie 
des  corpuscles,”  “ p^brine,”  or  Cornalia’s  disease.  Comalia  first 
saw  them,  afterwards  Lebert  and  Nageli.  _ Pasteur  proved 
definitely  that  ingestion  as  well  as  inoculation  of  the  silk- 
worms with  the  micrococci  prodaices  the  disease.  The  micro- 
cocci are  comparatively  large,  0'003  to  0'004  mm.  long,  0-002 
mm.  broad  ; they  are  very  bright  and  occur  singly,  or  in 
dumh-heUs,  or  in  small  groups. 


CriAPTER  VI IT. 
tsacteriuii  {Microhacterium,  Colm). 

By  tills  name  Colin ^ clesipnates  a class  of  minute  scliizo- 
mycetes,  wliicli  are  slightly  elongaterl  anil  oval,  or  short  and  - 
cylindrical,  with  rounded  ends.  They  divide  bv  fission,  • 

like  the  micrococci,  the  individuals  elongating  and  becom-  .= 

ing  constricted  in  the  middle.  They  are  capable  of  epohta-  lie 

neous  locomotion,  being  possessed  of  a flagellum  at  one  or  both  |3 

ends,  with  which  they  perform  active  spinning  and  darting  ,1 

movements  (Dallinger).  Engelmann  has  shown  that  these  ’4 

movements  are  only  possible  in  the  presence  of  oxygen.  '■ 

Bacteria  are  found  also  as  dumb-bells,  i.e.  in  the  act  of  » 

dividing,  and  then  appear  as  rods  constricted  in  the  middle.  ^ 

Occasionally,  after  rapid  division,  several  remain  connected.  t 

thereby  forming  a short  chain.  In  this  state  the  terminal  ' 

elements  are  flagellate.  Bacteria,  like  micrococci,  are  capable  < 

of  forming  zoogloea,  the  interstitial  gelatinous  .substance  being,  '' 

as  a rule,  more  copious  than  in  the  zoogloea  of  micrococci.  In  i 

this  state  they  form  pellicle.s,  in  which  the  elements  are  with-  J 

out  flagella  ; but  from  the  margin  of  the  pellicles  one  9 

constantly  sees  elements  separating,  becoming  flagellate,  and  !| 

moving  away.  In  some  species  the  zoogloea  is  dendritically  ^ 

ramified  {Zooqlcea  ramiqera,  Itzigsohn),  as  seen  on  the  surface  m 

of  fluids  containing  decomposing  algaj.  a 

1.  Septic  taclerm.-— With  Cohn  we  distinguish  two  kinds  ; — 1 

Bacterium  termo  and  Bacterium,  lineola.  J 

(a)  Bacterium  termo. — The  elements  are  short  and  cylindrical,  ^ 
about  0-0015  mm.  long,  a third  less  in  breadth,  and  appear  ' , 
generally  as  du.nb-bells.  They  are  common  in  putrefying  | 
* Biologic  d.  PjtatUen,  ii.  (1S72),  107.  4 
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11  aids,  indeed  they  form  the  essential  canse  or  ferment  of 
decomposition,  being  the  true  saprogenous  ferment  (Cohn). 
They  are  invested  in  a thick  membrane,  and  are  flagellate. 
With  the  end  of  putrefaction  they  disappear.  TheygroAV  well 
in  Cohn’s  nourishing  fluid,  and  I have  found  them  as  constant 
inliabitants  of  unfiltered  distilled  water  in  the  laboratory  ; so 
much  so  that  with  a drop  of  this  water  I am  always  able  to 
start  a copious  growth  of  bacterium  termo  in  pork  broth,  Agar- 
Agar,  &c.  When  cultivated  in  the  incubator  at  32°  to  36°  C.  in 
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i 
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Fio.  20  — Bacterium  Termo  from 
AN  Artificial  Culture. 


Fio.  30. — Zoootcea  of  Bacterium 
Termo. 


.suitable  nourishing  material  (pork  broth,  chicken  broth,)  they 
produce  a uniform  turbidity,  and  after  several  days  an  attempt 
at  a pellicle,  the  whole  nourishing  fluid  becoming  thicker. 
But  after  from  several  days  to  a few  weeks  the  cioltures  die, 
a fact  Avhich  distinguishes  them  from  all  other  bacteria.  Grow- 
ing in  solid  Agar-Agar,  and  peptone  mixture,  they  produce  an 
imperfect  liquefaction,  numerous  gas  bubbles  appearing  in  the 
material. 


$ 
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Fig.  31. — Bacterium  Linioi.a. 


(fi)  Bacterium  Jineoln  {Vibrio  Kneoln.,  Ehrenberg,  Dujardin\ 
dirters  from  bacterium  termo  in  being  longer  and  thicker. 
The  cells  are  about  0 003  to  0'005  mm.  long,  about  O'OOIS  mm. 
thick.  They  occur  in  well-Avater  and  stagnant  water,  where 
no  distinct  putrefaction  is  going  on,  and  form  zoogloea,  and 
pellicles,  on  the  surface  of  potatoes  and  various  infusions. 

2.  Zymorjenic  hncie.ria. — Two  kinds  are  knoivn : Bacterium 
Ifictis  and  hacterium  nceti. 

(a)  Bacterium,  laclis. — According  to  Pasteur,  these  bacteria 
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about  0.0015  to  0'003  mm.  long,  constricted  in  tbe  centre  ; 
they  form  short  chains,  or  even  zoogloea,  and  they  are  motile. 
They  produce  the  lactic  acid  fermentation,  in  the  course  of 
wliich  lactic  sugar  is  transformed  into  lactic  acid  ; tliev  are 


FlO  32.— B.-iCTERIUM  Lactis. 


anaerobic.  Lister, > by  means  of  pure  cultures,  established 
experimentally  their  causal  relation  to  the  lactic  fermentation 
or  souring  of  milk. 

(c)  Bacterium  aceti  {Mycoderma  aceti)  is  a little  smaller  than 
bacterium  lactis,  being  about  0’0015  mm.  in  length,  and  often 
forms  chains,  and  also  pellicles,  on  the  surface  of  the  fluid  ; it 
is  motile.  Pasteiir  maintains  that  it  is  the  ferment  of  the 
acetic  acid  fermentation.  Cohn  ^ found  it  in  enormous  masses 
in  beer  that  had  become  sour  ; it  forms  dumb-bells,  seldom 
chains  of  four,  and  sometimes  a pellicle  on  the  surface.  Pure 
cultivations  have  not  been  made  with  it,  and  before  deciding 
whether  it  is  the  real  cause  of  the  acetic  acid  fermentation, 
experiments  with  such  pure  cultures,  i.e.  inoculations  of 
alcoholic  fluids  with  it,  are  required. 

3.  Pigment  bacteria. — Two  kinds  have  been  described  : 
Bacterium  xanthiiium  and  Bacterium  aeruginosum. 

(а)  Bacterium  xanthinum^  is  a bacterium,  about  0‘007  to 
O'Ol  mm.  long,  motile,  single,  also  in  dumb-bells,  or  short 
chains.  It  produces  the  yellow  coloiir  of  yellow  milk.  Its 
pigment  is  soluble  in  water,  and  insoluble  in  alcohol  or  ether. 
When  introduced  into  boiled  milk  of  neutral  reaction,  it 
multiplies  with  grea,t  rapidity  ; the  milk  coagulates  after 
twenty-four  hours  ; it  is  soon  teeming  with  them  and  turns 
yellow.  The  reaction  of  the  yellow  milk  is  at  first  acid,  but 
soon  becomes  alkaline,  and  the  alkalinity  gradually  increases. 

(б)  Bacterium  aeruginosum. — In  green  pus  Schroeter  dis- 
covered a bacterium.  Bacterium  aeruginoswn.^  The  pigment 

‘ Pathologicnl  Soc.  Transactions,  1878. 

2 Biol.  d.  PJlamen,  ii.  )i.  173. 

3 Schroeter,  Biol.  d.  1‘Jlanzcn,  ii  ji.  120;  T'l'iin'o  synxanihus,  ElirenLerg. 

•*  Loc.  cit.  p.  122. 


BACTERIUM. 


G3 


vrii  ] 

is  greenish,  and  not  lodged  in  the  cells  themselves  ; it  is  easily 
ditfusible. 

4.  Pathogenic  harteria. — Three  kinds  are  described  ; the 
bacteria  of  Koch’s  septicaemia,  of  Davaine’s  septicaemia,  and  of 
fowl-cholera. 

(a)  Bacterium  septiccemice  (Koch). — By  injecting  into  rabbits 
water  from  the  rivulet  Pauke,  and  from  putrid  mutton,  Koch  ^ 
succeeded  in  producing  a rapidly  fatal  septicaemia,  which  was 
characterised  by  the  following  appearances  : — The  blood  of  all 
the  organs  contained  very  numerous  bacteria,  the  spleen  and 
lymphatic  glands  were  enlarged,  and  the  limgs  congested  ; but 
there  were  no  extravasations  and  no  peritonitis.  The  .smallest 
quantity  of  this  blood  inoculated  into  the  skin'  or  cornea  of 
another  rabbit  produced  after  an  incubation  of  ten  to  twelve 
hours  distinct  rise  of  temperature,  and  death  after  sixteen  to 
twenty  hours.  The  conditions  after  death  were  the  same  as 
above.  Everywhere  the  blood  contained  the  bacteria.  TIu'.y 


Fio.  33.— Blood  of  Pioron,  dead  of  SEFTicAiMrA. 
Four  blood-discs  aud  four  bacteria-termo  ai-e  shown. 


are  rods  somewhat  pointed  at  both  ends,  measuring  abofit 
0'0014  mm.  in  length  and  O’OOOG  mm.  in  breadth.  When 
stained,  they  show  at  each  end  a deeply-tinted  granule,  the 
middle  part  remaining  unstained ; for  this  reason  they  are 
easily  mistaken  for  a cliplococcus.  Generally  these  rods  occur 
singly  ; occasionally  they  form  a chain  of  two,  or  more  than 
three. 

They  have  been  cultivated  successfully  in  beef  broth,  blood 
serum,  gelatine,  and  a mixture  of  gelatine  and  broth  and 
peptone.  The  cultures  have  the  same  virulent  properties  as 
the  original  blood. 

Mice,  pigeons,  lowls,  and  sparrows  are  also  very  susceptible 
to  these  bacteria  ; but  guinea-pigs,  dogs,  and  rats  resist  them 
successfully. 

The  microbe  found  by  Pasteur  in  human  saliva,  which  he 
‘ Mitlh.  (Ill*  d.  Ic.  Qesundh.  1881. 
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cultivated,  and  with  which  he  produced  septicaemia  in  rabbits, 
niay^  perhaps  be  a bacterium  identical  with  the  above,  but 
this  is  not  definitely  settled. 

(b)  Bacterium  of  Davaine'e  septiccemia.—Thm  is  a bacterium 
which  was  originally  derived  by  Davaine  i from  putrid  ox- 
blood  in  the  warni  season.  Injected  into  rabbits,  it  produced 
rapidly  fatal  septicaemia,  of  the  same  nature  as  in  the  case 
just  inentioned,  the  blood  teeming  with  a similar  kind  of 
bacterium  as  in  Koch’s  septicaemia  just  described.  The 
smallest  quantity  of  the  blood  is  again  rapidly  fatal  in  its 
action.  It  is  distinguished  from  Koch’s  septicaemia  in  the 
rabbit  by  this,  that  Davaine’s  septicaemia  is  easily  transmissible 
to  guinea-pigs,  but  not  to  birds. 

Dowdeswell  ^ has  shown  that  when  such  blood  is  thoroughly 
sterilised  (i.e.  when  the  bacteria  are  killed),  it  has  no  longer 
any  infective  power.  Davaine  had  first  shown  that  the  blood 
of  rabbits  dead  of  this  form  of  septicaemia  bears  an  enormous 


Fro.  31. — Brxjon  of  Rabbit,  dead  of  Davainf.’s  Septic.emia. 

amount  of  dilution  without  the  minutest  quantity  of  it  losing 
its  pathogenic  properties.  Dowdeswell  has  shown  that  this  is 
easily  explained  by  the  enormous  number  of  bacteria  present 
in  every  drop  of  the  blood.  But  it  has  been  sh  wn  by  Gaffky 
and  Dowdeswell  that  there  is  no  increase  in  the  virulence  of 
the  virus  when  it  is  passed  through  successive  animals,  as  was 
maintained  by  Coze  and  Feltz.* 

(c)  Bacterium  of  fowl-cholera  {microbe  rlu  chol&ra  dee  ponies). 
— Semmer,  Toiissaint,  and  Pasteur'*  have  shown  that  this 

* Bnll.  d VAcad.  de  Mid.  lf“2. 

“ Proceedings  of  the  Royal  Society,  No.  221,  18S2. 

3 Slrasbum,  18()6;  Pads,  1872. 

* 1 place  this  here  as  a ■bactetiiim,  hot  it  is  not  qnile  rlecitlert,  and  not  qrite 
clear  from  Pasteur’s  description,  whether  the  microbe  is  only  a micrococcus 
dumb  bell,  or  a bacterium  termo.  Compare  also  Semmer  (Vergleichende  Patho- 
logic, isrt),  Peironc.ito  (Archiv  f.  Wise.  n.  •pract.  Thierheilk.,  1879).  Toiissaint 
{Comptes  Reiulus,  xci.  p.  301)  con>idcrs  the  disease  identical  with  Davaine's 
septicaiiiiia.  I am  inclined  to  think  that  Pasteur  has  not  used  pure  cultivations, 
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onjanism  is  present  in  large  numbers  in  the  blood  and  organs  of 
fowls  dead  of  this  malady,  which  is  chietty  characterised  by  the 
following  symptoms : — The  animals  are  somnolent,  weak  in 
their  legs  and  wings,  and  they  die  under  symptoms  of  extreme 
sopor.  On  post-mortem  examination,  htemorrhage  is  found 
in  the  duodenum.  The  smallest  quantity  of  the  blood  is 
infective.  Pasteur  successfully  cultivated  the  bacteria  in 
neutral  chicken  broth,  at  25°  to  .35°  C.,  and  with  it  inoculated 
the  fatal  disease.  The  organism  is  probably  a bacterium  termo, 
very  minute  and  slightly  constricted  in  the  middle,  so  that  it 
appears  of  the  shape  of  an  8.  When  cultures  of  this  bac- 
terium ^ are  kept  for  some  time  (one,  two,  three  or  more 
months),  their  virulence  becomes  diminished  or  attenuated 
(owing,  according  to  Pasteur,  to  the  action  of  oxygen),  and 
this  diminution  of  virulence  is  in  direct  proportion  to  the 
time  the  culture  is  kept.  The  diminution  or  attenuation 
shows  itself  in  this — that  according  to  the  length  of  time  the 
culture  is  kept,  the  number  of  animals  killed  by  its  inocula- 
tion gradually  diminishes,  and  it  ultimately  ceases  to  kill  at 
all.  Each  culture  of  diminished  virulence  transmits  its 
attenuation  to  the  next  following  culture  (?).  It  is  possible 
to  obtain  cultures  of  such  a low  degree  of  virulence  that 
when  inoculated  into  the  skin  of  a fowl  only  a local  effect  is 
produced,  a peculiar  infiltration  ; but  the  animal  survives, 
and  is  then  protected  or  “ vaccinated  ” against  the  more  viru- 
lent material.  But  in  order  to  produce  this  protection,  it  is 
necessary  that  the  culture  {vaccine)  should  be  of  the  proper 
strength.  If  it  does  not  produce  a local  effect  it  gives  no 
protection. 

In  fresh  cultures  the  bacterium  is  more  in  the  shape  of  a 
rod,  constricted  in  the  middle  ; in  cultures  several  days  old  it 
looks  very  much  more  like  a dumb-bell  of  micrococcus  (see 
note  on  previous  page). 

Babes''^  has  found  the  bacteria  in  the  tissues  and  blood- 
vessels of  animals  dead  of  the  disease,  both  inoculated  and 
epizootic,  in  the  shape  of  rods  of  about  0‘0015  to  0’002  mm. 
in  length  and  about  0‘00025  mm.  in  thickness  ; the  ends 
always  staining  more  deeply  than  the  middle  part. 

but  had  the  bacterium  of  fowl-cholera  and  an  accidental  micrococcus  together. 
The  latter  would  predominate  as  time  passed  on,  so  that  after  a few  days  it 
would  far  outnumber  the  bacterium  ; and  this  is  exactly  what  Pasteur's  de- 
scription suggests.  He  says  that  at  first  the  microbe  is  rod-shaped,  and  after  a 
few  days  it  becomes  a dumb-bell  of  micrococcus.  The  gradual  attenuation  by 
■ time  of  the  virulence  of  Pasteur’s  cultures  of  the  microbe  of  fowl-cholera  may 
be  due  to  the  presence  of  this  contaminating  micrococcus. 

* Trans,  of  the  International  Med.  Congress  in  London,  1881,  vol.  i.  p.  87. 

* Archives  de  Physiologic,  July  1883,  p.  49. 
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CHAPTER  IX. 


BACILLUS  {Desniohacteriuni,  Colin). 

General  ChararAers. — Bacilli  are  cylindrical  or  rod-shaped 
bacteria,  which  are  rounded  or  square-cut  at  their  extremities  ; 
they  are  longer  in  proportion  to  their  thickness  than  bac- 
terium termo,  and  divide  by  fission,  forming  straight,  cun'^ed, 
or  zigzag  chains  of  two,  four,  six,  or  more  elements.  Many 
species  of  bacilli  in  suitable  nourishing  materials  grow  by 
repeated  division  into  longer  or  shorter  chains  of  bacillus- 
filaments  or  leptothrix.  These  appear  straight  or  wavy  and 
twisted,  isolated  or  in  bundles;  and  although  in  the  fresh 
condition  they  appear  of  a homogeneous  aspect,  when  suitably 
prepared,  as  by  drying  and  staining  with  anilin  dyes,  they 
show  themselves  composed  of  shorter  or  longer  cnbical,  cylin- 
drical, or  rod-shaped  protoplasmic  elements,  contained  in  linear 
series  within  the  general  hyaline  sheath  : between  many  of 
the  elements  is  a fine  transverse  septum.  The  isolated  bacilli 
are  likewise  composed  of  a membrane  and  protoplasmic  con- 
tents. These  latter  appear  homogeneous  or  finely  granular, 
and  when  stained  with  anilin,  absorb  the  dye  very  easily  and 
retain  it  better  and  longer  than  the  membrane.  According  to 
the  stage  and  the  rapidity  of  their  growth,  the  bacilli  vary  much 
in  length  ; this  is  the  case  not  only  with  the  single  bacilli  and 
short  chains,  but  also  in  an  eminent  degree  with  the  elements 
of  a bacillus-filainent  or  leptothrix.  In  each  case,  indeed,  it 
is  possible  to  ascertain  that  all  lengths  occur  from  the  cubical 
or  spherical  element  to  the  cylinder  or  rod.  _ The  former 
elongate  into  the  latter  and  then  divide.  According  to  whether 
division  occurs  in  a short  or  long  element,  the  daughter- 
elements  are  cubical  or  spherical  in  the  former,  cylindrical  or 
rod-shaped  in  the  latter  case.  This  applies  to  single  bacilli, 
to  short  chains,  and  to  the  leptothrix  forms. 
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Tliere  are  a gi'cat  many  species  of  bacilli,  differing  from  one 
another  (a)  in  the  shape  of  the  elements,  (b)  in  motility,  (c)  in 
the  power  of  forming  filaments  or  leptothrix,  and  particularly 
(d)  in  the  thickness  and  length  of  the  elements. 

(a)  There  are  some  species  of  bacilli — e.g.  hay-bacillus, 
anthrax-bacillus,  bacillus  of  putrid  blood,  bacillus  founcl 
occasionally  in  the  blood-vessels  of  dead  animals,  bacillus  of 
malignant  cedema  (Koch),  &c. — in  which  in  the  single  bacilli 
and  in  the  chains  and  filaments,  the  size  of  the  elements  varies 
from  that  of  a cubical  or  spherical  mass  of  protoplasm  to  that 
of  a cylinder  or  rod  several  times  as  long  as  it  is  thick.  In 
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At  1,  the  elements  are  tliickened.  The  preparation  haclheen  dried  and  st.aincd 
with  anilin  iiurjile. 


some  species  (e.g.  tubercle-bacilli),  the  elements  are  almost 
spherical.  There  are  on  the  other  hand  other  species  (e.g.  bacillus 
amylobacter)  where  the  elements  are  always  rods  or  cylinders. 
In  these  cases  of  short  bacilli  it  sometimes  becomes  difficult 
to  say  whether  one  has  to  deal  with  bacilli  or  bacteria,  but  the 
growth  of  the  bacilli  into  leptotlirix,  and  particularly  their 
power  of  forming  spores,  is  decisive,  although  neither  of  these 
events  may  happen,  owing  to  peculiar  conditions. 

(b)  Some  bacilli  (e.g.  hay-bacillus,  bacillus  in  common  putre- 
faction, bacillus  growing  on  surfaces  of  putrefying  material 
and  tissues,  bacillus  found  in  the  abdominal  organs  alter 
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putrefaction  1ms  set  in,  &c.),  are  possessed  of  a flagellum  at 
one  end,  and  are  therefore  endowed  with  the  power  of  loco- 
/notion.  Other  species  ie.rj.  anthrax-bacillus,  bacillus  of 
malignant  oedema)  are  without  .such  power.  But  even  in  the 
first  case  the  power  of  locomotion  is  possessed  by  the  bacilli 
only  when  single  or  in  short  chains,  not  by  the  longer  chains 
or  leptothrix. 

(c)  Not  all  bacilli  are  capable  of  forming  leptothrix -fila- 
ments. This  power  is  possessed  in  an  eminent  degree  by 
certain  species,  such  as  the  hay-bacillus,  the  anthrax -bacillus, 
the  bacillus  of  malignant  oedema,  the  bacillus  found  on  the 
surface  of  the  mi;cous  membrane  lining  the  cavity  of  the 
mouth  and  tongue  (leptothrix  buccalLs).  Other  bacilli  {e.g. 
bacillus  amylobacter,  leprosy-bacillus,  tubercle-bacillus,  &c.), 
generally  do  not  form  leptothrix. 

(d)  There  exists  the  greate.st  variety  in  reference  to  the 
thickness  of  the  bacilli  ; some  {e.g.  bacillus  amylobacter,  and 
some  species  occurring  in  ordinary  putrefaction)  being  several 
times  as  thick  as  others  like  hay-bacilhts,  anthrax-bacilliTS,  &c. 

Many  bacilli  and  bacillus-filaments  {e.g.  hay-bacillus,  an- 
thrax-bacOlus)  degenerate  on  growing  old,  the  protoplasmic 
elements  becoming  granular  and  breaking  down  altogether 
into  debris.  This  may  occur  to  single  elements  within  a chain 
or  leptothrix  ; and  then  the  corresponding  part  of  the  sheath 
of  the  chain,  owing  to  the  .siThsequent  disappearance  of  the 
debris,  becomes  empty  and  devoid  of  protoplasm.  Longer  or 
shorter  portions  of  a chain  or  leptothrix  may  thus  degenerate 
and  become  deprived  of  protoplasm,  the  sheath  only  persisting. 
These  portions  become  at  the  same  time  thicker,  the  sheatli 
having  swollen  up. 

Another  mode  of  degeneration  consists  in  the  elements  and 
sheath  curling  up,  swelling  up,  and  laltimately  breaking  down 
into  debris.  According  to  Cohn,'^  bacilli  do  not  form  zooglcea 
in  the  same  way  as  micrococcus  and  bacterium  do.  With  all 
due  deference  to  the  authority  of  Cohn,  I must  hold  that  the 
bacilli  possessed  of  a flagellum  are  capable  of  forming  a true 
zooglcea.  When  one  inoculates  a fluid-nourishing  medium 
{eg.  broth)  with  hay -bacillus  or  other  motile  bacillus  of 
common  putrefaction,  after  keeping  it  for  twenty-four  hours  in 
the  incubator  one  notices  a uniform  tiirbidity.  After  several 
days  one  notices  that  the  surface  of  the  fluid  becomes  covered 
with  a M'hitish  film  ; this,  as  incubation  goes  on,  thickens  into 
a thick  resistent  not  very  friable  pellicle.  By  shaking  the 
fluid  the  pellicle  becomes  detached  from  the  glass  wall  and 
* Beiir.  z.  Biologic  d.  Pftanzen,  vol.  ii. 
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sinks  to  the  bottom  of  the  fluid  ; after  another  day  or  two  a 
new  pellicle  is  formed,  and  so  on  until  the  material  is 
exhausted. 

Any  part  of  this  pellicle  examined  under  the  microscope 
shows  itself  to  be  a zoogloea  in  the  true  sense  of  the  word,  vast 
numbers  of  shorter  or  longer  bacilli  crossing  and  interlacing 
and  lying  embedded  in  a gelatinous  hyaline  matrix.  As  with 
bacterium  termo,  one  occasionally  notices  at  the  margin  of  the 
mass  one  or  other  bacillus  wriggling  itself  free  and  darting 
away.  And  in  the  case  of  non-motile  bacilli,  putrefactive  and 
others,  I have  also  seen  distinct  formations  of  zoogloea,  having 
the  shape  of  spherical  or  oval  Inmps  of  various  sizes  composed 
of  a hyaline  jelly-like  matrix,  in  which  are  embedded  the 
bacilli  in  active  multiplication. 

In  those  species  in  which  the  bacilli  are  capable  of  forming 
leptothrix  (leptothrix  buccalis,  hay-bacillus,  anthrax-bacillus) 
the  filaments  may  form  dense  convolntions.  When  in  these 
convoluted  filaments  spores  are  formed  (see  below)  and  the 
sheaths  of  the  filaments  swell  up  and  become  agglutinated  into 
a hyaline  jelly-like  substance,  the  spores  appear  to  form  a sort 
of  zoogloea. 

Bacilli  are  killed  by  drying,  but  it  is  necessary  to  bear  in 
mind  that  they  must  be  exposed  to  the  drying  process  in  thin 
layers  (Koch).  At  the  temperature  of  boiling  water  they  are 
invariably  killed,  but  not  their  spores.  Even  heating  them 
from  half  an  hour  to  several  hours  at  a temperature  above  55° 
or  60°  C.  kills  them.  Freezing  also  kills  them,  but  not  their 
spores.  Carbolic  acid,  corrosive  sublimate,  thymol,  &c.,  kill 
them. 

One  of  the  most  striking  phenomena  in  the  growth  of  bacilli 
is  their  power  of  forming  spores.  These  are  generally  oval 
when  fully  developed,  spherical  when  immature  ; they  are 
always  of  a bright  glistening  appearance,  and  take  dyes  either 
with  difiiculty  or  not  at  all  ; they  are  generally  a little  thicker 
than  the  bacilli  \vithin  which  they  have  developed.  Their 
formation  always  takes  place  in  this  way  : in  one  or  other 
elementary  cubical,  spherical,  or  rod-like  mass  of  protoplasm 
there  appears  a bright  dot ; this  enlarges  at  the  expense  of  the 
protoplasm  until  in  its  fully  developed  state  it  has  an  oval 
shape.  The  whole  of  the  protoplasm  of  an  element  is  not 
consumed  in  this  process,  a small  trace  always  remaining  unused 
at  one  or  both  ends.  The  sheath  enlarges,  and  the  bacillus 
looks  much  thickened  ; then  the  sheath  breaks,  and  the  spore 
with  the  remnant  of  protoplasm  becomes  free.  Soon  this 
lemuant  disappears,  if  it  had  not  disappeared  while  the  spore 
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M'as  still  contained  within  the  sheath,  and  now  the  spore  is 
Iree.  Under  the  most  favourable  conditions  a spore  may  be 
formed  in  each  elementary  mass  of  protoplasm,  or  it  may  be 
only  in  a small  number.  In  the  first  case  : a consecutive  series 
of  spores  is  present  in  the  bacilli,  two  spores  if  the  bacillus  is 
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Fig  36.— The  same  Baou.lcb  as  ik  preceding  Figure. 
At  1,  spores  have  made  their  appearance. 


composed  of  two  elementary  cells,  four  in  a chain  of  four 
elementary  cells,  or  a vast  number  in  a leptothrix.  In  the 
second  case  : a bacillus  composed  of  two  or  four  elementary 
cells  may  contain  only  one  spore  at  one  end  or  in  the  middle, 
or  one  at  each  end,  or  two  together  in  the  middle  ; in  the 


Fig.  37. — The  same  Bacillus  as  in 
preceding  Figure. 

Some  of  the  spores  are  germinating 
into  baoiili. 


.*) 


Fig.  38.— Bacillus  subtilis  of  ITav 
Infusion. 

At  1 , spores  are  germinating  into 
bacilli. 


leptothrix  spores  are  seen  only  at  comparatively  long  intervals. 
The  position  of  the  spore  in  the  bacillus  is  generally  so  that 
the  long  axis  of  the  spore  is  parallel  to  that  of  the  bacillus  ; 
but  exceptionally  it  may  be  placed  obliquely  or  even  trans- 
versely. The  bacilli  in  which  spore-formation  h^  set  in  are 
always  much  thicker,  twice  or  more,  than  those  in  which  no 
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spore-formation  has  occurred  ; and  as  has  been  stated  above 
the  sheath  swells  up  and  remains  for  some  time  as  a hyaline 
gelatinous  capsule  around  the  spore,  but  sooner  or  later  this  is 
also  lost  and  the  spore  becomes  quite  free.  When  spore-form- 
ation has  taken  place  in  a convolution  or  in  a mass  of  lepto- 
thrix,  and  after  the  sheaths  of  the  bacilli  have  become  swollen 
up  into  a gelatinous  matrix,  it  looks  as  if  we  had  a zoogloea, 
in  which  the  bright  oval  spores  form  the  particular  elements 
embedded  in  a more  or  less  hyaline  gelatinous  niatrix.  But 
even  in  these  cases  on  careful  analysis  it  is  noticed  that  the 
spores  have  a linear  or  serial  arrangement,  being  originally 
developed  in  filaments.  _ _ . . . 

This  spore-formation  occurs  in  many  species  of  bacilli,  and  it 
closes  the  cycle  of  the  life-history  of  the  bacilli.  But  it  does 
not  take  place  under  all  circumstances.  In  the  case  of  many 
bacilli,  e.g.  hay-bacillus,  anthrax-bacillus,  bacillus  of  putrefac- 
tion, .spore-formation  occurs  only  when  there  is  an  ample 
supply  of  oxygen,  e.g.  when  the  bacilli  grow  on  the  surface  of 
the  nourishing  material  (Cohn,  Koch).  It  has  nothing  what- 
ever to  do  with  the  exhaustion  of  the  nourishing  material,  as 
Buchner  seems  to  think  ; for  if  the  conditions  of  spore-form- 
ation are  given,  amongst  these  particularly  the  exposure  to 
the  air,  bacilli  will  commence  to  form  spores  long  before  the 
nourishing  material  is  exhausted.  I will  here  mention  a 
particular  instance  to  show  this. 

Take  a test-tube  with  Agar-Agar  peptone,  such  as  has  been 
mentioned  in  a former  chapter  as  fit  for  inoculation  ; inoculate 
the  surface  of  the  Agar-Agar  with  hay-bacillus  or  anthrax- 
baciUus,  place  it  in  the  incubator,  and  keep  it  there  at  a 
temperature  of  30°  to  35°  C.  After  36  to  48  hours  you  will 
find  the  surface  covered  with  a good  crop  of  bacilli  and  lepto- 
thrix,  and  in  some  of  them  spore-formation  is  already  going 
on  with  great  vigour.  For  several  days  after,  the  amount  of 
leptothrix  increases,  and  in  the  filaments  large  numbers  of 
spores  are  formed.  This  goes  on  for  several  weeks,  long  before 
the  nourishing  material  becomes  exhausted.  But  during  all  this 
time  the  spore-formation  is  limited  only  to  the  surface  ; the 
filaments  growing  into  the  deeper  strata  remain  without  spore- 
formation.  The  same  observation  can  be  made  with  gelatine 
mixtures  of  peptone,  broth,  &c.,  in  the  test-tube  or  in  the  glass 
cell  described  and  figured  in  Chapter  V.  In  the  case  of  the 
gelatine  mixture  it  is  particularly  instructive  to  watch  this 
process,  since  it  clearly  proves  that  the  free  access  of  air  is 
essential  for  the  formation  of. spores.  For  if  the  anthrax- 
bacillus  be  grown  on  the  (solid)  mixture  of  gelatine  and  broth 
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described  in  a former  chapter  and  kept  at  the  ordinary  tem- 
perature of  the  room  or  in  the  incubator  at  not  more  than 
22°  to  25°  C.,  the  spore-formation  on  the  surface  occurs  only 
as  long  as  the  material  remains  solid.  Anthrax -bacillus  as  it 
grows  liquefies  the  gelatine  mixture  ; in  consequence  of  this 
after  some  days  the  superficial  layers  of  the  material  become 
fluid,  and  the  bacillar  growth,  sinking  to  the  bottom  of  the 
fluid  layer,  is  thus  removed  from  the  surface.  The  spores 
which  were  freely  formed  while  the  growth  went  on  on  the 
surface,  germinate  again  into  bacilli,  but  because  these  have 
now  sunk  into  the  depth,  although  rapidly  multiplying  and 
growing  into  filaments,  they  cease  to  form  any  spores.^ 

Bacilli  which  are  not  possessed  of  the  power  of  locomotion 
(i.e.  are  without  a flagellum)  when  sown  into  the  depth  of  a 
fluid  or  sohd  material,  if  they  have  no  chance,  accidental  or 
otherwise,  of  reaching  the  surface,  do  not  as  a rule  form  spores  ; 
but  there  are  some  such  bacilli  which,  although  not  growing 
on  a free  surface,  nevertheless  form  spores,  e.g.  the  bacillus 
butyricus  or  amylobacter  (Prazmowsla).  Some  putrefactive 
bacilli  occurring  after  death  in  the  abdominal  organs  (intestine, 
kidney,  spleen,  liver),  and  in  fluid  exudations  within  the  peri- 
toneal and  pleural  cavities,  show  also  spore-formation  ; probably 
they  get  their  oxgyen  from  the  tissues.  Anthrax-bacillus, 
however,  never  forms  spores  except  it  is  growing  well  exposed 
to  the  outer  air. 

The  bacilli  which  are  possessed  of  a flagellum  {e.g.  hay- 
bacillus,  bacillus  of  putrefaction)  generally  form  a pellicle 
on  the  surface,  and  in  this  pellicle  copious  spore-formation 
goes  oru 

The  spores  first  formed,  when  shaken  doAvn  into  the  fluid, 
again  germinate  into  bacilli,  and  there  multiply.  The  last 
pellicle  formed  in  a culture,  before  exhaustion,  represents  the 
last  crop  of  spores  ; and  these,  owing  to  the  exhaixstion  of  the 
nourishing  fluid,  remain  as  spores,  only  capable  of  germinating 
into  bacilli  when  new  nourishing  material  is  added,  or  when 
they  are  transplanted  to  new  nourishing  material. 

It  is  a rule  that  wherever  the  spores  are  formed  they  ger- 
minate into  bacilli  if  they  have  access  to  nourishing  material  ; 
but  if  not,  or  if  the  nourishing  material  is  exhausted,  they 
remain  as  spores.  Spore-formation  does  not  take  place  at  low 
temperatures;  Koch  found  in  the  case  of  anthrax-bacillus 
that  a temperature  beloAV  12°  C.  prevents  the  formation  of 
spores.  Pasteur  states  that  in  the  case  of  anthrax-bacillus 
spore- formation  does  not  take. place  above  40°  C.  ; never  for 
‘ Report  of  the  Medical  Officer  of  the  Local  Government  Board,  ISSl. 
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instance  at  42°  or  43°  C.  Koch  gives  43°  as  the  upper  limit  ; 
but  I have  found  that  both  in  the  case  of  hay-bacillus  and 
anthrax -bacillus  the  bacilli  form  spores  copiously  even  at  a 
temperature  of  44°  G.  Moisture  is  an  essential  element  in  the 
formation  of  spores. 

The  spores  represent  the  seeds  capable  of  retaining  life  and 
of  germinating  into  bacilli  even  after  what  would  appear  the 
most  damaging  influences  (that  is,  damaging  to  all  other  kinds 
of  organisms  and  to  the  bacilli  themselves),  such  as  long  lapse 
of  time,  drying,  heat,  cold,  chemical  reagents,  &c.  Spores 
retain  the  power  to  germinate  into  bacilli  after  the  lapse  of 
long  periods,  and  there  is  no  reason  to  assume  that  these  periods 
have  any  limit ; it  makes  no  difference  whether  they  are  kept 
dry  or  in  the  mother-liquid. 

The  temperature  of  boiling  water,  while  it  kills  micrococci, 
bacteria,  and  bacilli  themselves,  does  not  affect  the  vitality  of 
the  spores.  Cohn  {loc.  cit.)  found  spores  of  hay-bacillus  still 
capable  of  germination  even  after  boiling  ; boiling  for  half  an 
hour  or  more  killed  them.  Prazmowski  found  that  the  spores 
of  bacillus  butyricus  (amylobacter)  are  killed  by  five  minutes’ 
boiling.  In  the  case  of  anthrax-bacillus  and  hay -bacillus  I 
foimd  that  boiling  for  half  an  hour  does  invariably  kill  them, 
but  ten  minutes  is  not  to  be  relied  on.  Exposing  the  spores 
of  anthrax -bacillus  to  a temperature  of  0°  to  — 15°  C.  for  one 
hour  did  not  kill  them,  .^tiseptics,  such  as  carbolic  acid 
(5-10  per  cent.),  strong  solutions  of  phenyl-propionic  acid  and 
phenyl-acetic  acid,  corrosive  sublimate  (1  : 300,000,  Koch), 
although  the  spores  were  kept  in  these  fluids  for  twenty -four 
hours,  did  not  kill  them. 

Pure  terebene,  phenol  (10  per  cent.),  corrosive  sublimate  (1 
per  cent.),  does  not  kill  the  spores  of  bacillus  anthracis. 

This  great  resistance  of  spores  to  low  and  high  tempera- 
tures, to  acids  and  other  substances,  is  due  to  this,  that  the 
substance  of  each  spore  is  enveloped  in  a double  sheath  : an 
internal  sheath  probably  of  a fatty  nature,  and  an  external  one 
probably  of  cellulose  ; both  are  very  bad  conductors  of 
heat. 

Owing  to  the  fact  that  spores  resist  the  action  of  boiling 
water,  if  not  prolonged  for  ten  minutes,  and  that  the  other 
bacteria  (such  as  micrococcus,  bacterium,  and  bacillus  itself) 
are  killed  by  the  temperature  of  boiling  water  if  kept  at  this 
temperature  for  a few  seconds,  it  is  possible  to  separate  the 
spores  of  bacilli  from  the  other  organisms.  All  one  has  to  do 
is  to  subject  the  fluid  containing  these  various  organisms  to  the 
temperature  of  boiling  water  for  a few  seconds.  All  except 


74  MICRO-OnGANISMS  AND  DISEASE,  [ch.  ix.  j 

4 

the  spores  of  bacilli  will  be  thereby  killed,  and  thus  the  fluid 
becomes  free  of  all  other  organisms  except  the  spores.  1 

When  spores  are  sown  in  a nourishing  material,  fluid  or 
solid,  and  when  this  is  exposed  to  a temperature  of  about  32°  ' 

to  38°  C.,  the  spores  after  the  lapse  of  a few  hours,  in  some  ^ 

cases  six  (spores  of  anthrax-bacillus),  in  others  two  to  four  ' 

hours  (spores  of  hay-bacillus),  in  others  more  than  six  hours,  ! 

are  seen  to  germinate,  each  spore  growng  into  a bacillus.  In  j 

the  case  of  solid  nourishing  material  the  presence  of  moisture  i 

is  essential. 

In  this  germination  what  one  sees  is  this  ; the  spore  increases  j 

in  thickness,  it  then  loses  its  dark  contour  at  one  pole  or  at  •. 

one  of  the  long  sides,  and  at  this  point  a pale  projection  '< 

appears.  This  projection  increases  in  length  and  gradually  '■ 

becomes  as  long  as  a bacillus,  the  investment  of  the  spore 
gradually  fading  away.  This  new  bacillus  soon  divides  into 
two,  and  so  on. 

The  spores  are  capable  of  germinating  independently  of  the 
free  access  of  aii'. 


J 


CHAPTEE  X. 


BACILLUS  : NON-PATHOGENIC  FORMS. 

Septic  bacilli. 

(a)  Bacillus  suhtilis  (hay-bacillus).— The  elementary  rods 
are  of  variou.s  lengths  from  0 002  to  0 006  mm.,  and  are  about 


Fia.  39.— From  a Culture  of  Bacillus  subtilis  (Hay-Bacillus). 
Various  forms  between  single  bacilli  and  leptotltrix. 

Magnifying  power  about  700. 

0'002  mm.  in.  thickness.  According  to  Cohn  ^ at  a tempera- 
ture of  21°  C.  division  into  two  requires  about  one  hour  and  a 
quarter,  at  35°  C.  only  about  twenty  minutes. 

‘ Loc.  cit. 
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The  bacilli  are  capable  of  forming  leptrsthrix  filaments.  The 
bacilli  when  single  are  possessed  of  one  flagellum,  or  some- 
times of  two,  one  at  each  end.  After  division  the  individual 
bacilli  remain  connected,  each  possessing  a flagellum  at  the 
free  end.  Each  of  them  divides  again  into  four,  so  that  a 
chain  of  four  is  formed.  But  they  may  separate  again  or  may 
go  on  dividing,  remaining  united,  and  thus  forming  a longer 
or  shorter  filament.  Not  all  bacilli  possess  the  flagellum,  many 
of  them  being  for  a time  in  a resting  state. 

The  bacilli  form  a dense  resistent  pellicle  on  the  surface  of 
the  nourishing  medium,  and  in  this  copious  spore-formation 


o 


Fio.  40. — From  a Cultcrr  of  Bacillus  subtilis  (Hat-Bacillus),  with 
Copious  Formation  op  Spores. 

1.  Mnss  of  spores  embedded  in  hyaline  matrix. 

2.  Bacilli. 

8.  Single  bacilli  oontainine  each  a spore : the  sheath  of  the  bacilli  is  well  seen. 
Magnifying  power  about  700. 


takes  place.  If  shaken  when  growing  in  a fluid,  tlie  pellicle 
falls  to  the  bottom,  and  soon  a new  pellicle  is  formed. 

Spore-formation  is  independent  of  any  deficiency  of  nourish- 
ing material.  The  spores  are  oval,  bright,  of  about  O'OOl  to 
0'002  mm.  in  length,  and  about  O’OOOG  to  O’OOl  mm.  in  thick- 
ness. They  do  not  stain  in  dyes,  and  hence  form  a great 
contrast  to  the  bacilli. 

This  bacillus  is  very  common  and  widely  distributed  ; it 
occurs  in  almost  every  organic  substance  rich  in  nitrogenous 
compounds  which  is  left  exposed  to  the  air  to  decompose.  The 
best  material  is  hay-infusion.  An  infusion,  cold  or  hot,  of  hay 
is  made  in  a beaker  or  flask  ; the  fluid  is  filtered,  covered  with 
a glass  plate,  and  left  to  stand  in  a warm  place.  After  a day 
or  two  it  swarms  with  bacillus  subtilis,  which  is  also  called 
ha3’’-bacillus,  since  ordinary  hay  contains  multitudes  of  its 
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spores.  For  this  reason  even  boiling  of  the  fresh  infusion  for 
a few  minutes  does  not  sterilise  it. 

The  bacillus  grows  well  in  every  -fluid  that  contains  the 
necessary  salts  and  nitrogenous  compounds  ; thus  all  kinds  of 


Fio.  41. — Germination  of  Spores  into  llACir.u. 

a.  Spores  of  a small  kind. 

b.  Spores  of  a larger  kind  of  bacillus  subtilis. 

Magnifying  power  about  700. 

broth,  all  kinds  of  animal  fluids  (hydrocele,  blood-serum, 
&c.),  gelatine,  peptone  solution,  &c.,  are  suitable  nourishing 
media. 

The  spores  of  the  hay-bacillus  are  widely  distributed  in  the 
air,  and  most  contaminations  by  air  are  due  to  its  spores. 


Fio.  42. — B.acillus  ulna,  in  the  Capillaries  of  the  Human  Liver. 
Post-mortem  change. 

1.  Liver  cells,  somewhat  swollen. 

2.  Bacilli. 

Magnifying  power  300. 

(7>)  Bacillus  vlna. — By  this  name  ^ Cohn  designates  certain 
species  of  bacilli,  stitfer  and  thicker  than  those  of  bacillus 

‘ hoc.  cit.  p.  177. 


78  MICRO-OEGAXISMS  AND  DISEASE.  [chap. 

subtilis.  The  individual  elements  are  about  O'Ol  mm.  Ion", 
and  0'002  mm.  thick.  They  are  motile  just  like  bacillns 
subtilis.  Although  they  form  chains  they  do  not  form  proper 
leptothrix.  They  occur  in  putrid  fluid.  They  are  very 
common  in  the  ichor  produced  by  injecting  ammonia  or  other 
substances  producing  sloughing  and  necrosis  of  the  subcu- 
taneous tissue  in  the  guinea-pig. 

(c)  Bacillus  sepiicus  occurs  in  earth,  in  putrid  blood,  and  in 

many  putrid  albuminous  fluids.  It  is  non  motile,  and  is 
capable  of  forming  leptothrix.  The  thickness  varies  from 
0'004  to  O’Ol  mm.,  and  its  length  depends  on  the  number  of 
elements  contained  in  a row.  The  shortest  are  about  0 004  ; 

mm.  There  are  various  species,  differing  from  one  another  in 

the  thickness  of  the  elements.  They  are  all  anaerobic.  The 
elements,  whether  in  the  short  rods  or  in  the  leptothrix  fila- 
ments, are  cubical  or  rounded.  The  rods  and  filaments  are 
markedly  rounded  on  the  ends.  It  forms  spores  independently 
of  free  access  of  air.  The  spores  are  oval,  and  difi'er  in  thick- 
ness according  to  the  thickness  of  the  bacilli  they  are  formed 
in.  The  bacillus  is  found  occasionally  in  the  blo”od- vessels  of 
man  and  animals  after  death.  In  a nourishing  fluid,  in  which 
micrococcus,  bacterium  termo,  or  bacillus  subtilis  grows,  they 
have  no  chance  of  growing,  and  even  when  numerous  at  first 
they  soon  disappear. 

(d)  Streptothrix  and  Cladotlirix. — Cohn^  found  in  a con- 

cretion of  the  human  lacrimal  canals  long,  pale,  smooth,  ap- 
parently branched  threads,  either  straight  or  twisted;  they 
were  finer  than  the  threads  of  leptothrix  buccalis  ; he  called 
them  Strep)totlirix  Foersteri.  They  are  probably  identical 
morphologically  with  Cladotlirix  dichotoma.  This  latter  ■ 
occurs  in  pond-water  containing  decomposing  organic  matter.  ; 
It  consists  of  long  whitish  threads  fixed  on  chlorophyll-con-  <i 
taining  algee.  The  threads  when  fresh  appear  smooth,  pale, 
occasionally  granular,  and  on  staining  they  are  seen  to  be 
composed  of  shorter  or  longer  bacilli  just  like  the  leptothrix  ; 
form  of  bacillus  subtilis;  but  they  are  thicker  than  the  I 
bacillus  subtilis.  Occasionally  the  ends  of  the  threads  are 
seen  not  as  linear  series  of  bacillar  rods,  but  like  bacillus  J 

anthracis  and  the  bacillus  of  blue  milk  (see  below)  as  chains  \ 

of  torula-like  spherical  elements.  From  the  threads  single  ; 

motile  bacilli  are  seen  to  come  off.  The  threads  are  only  ' 

apparently  branched,  since  the  branches  are  threads  merely 
stuck  on  to  other  threads  .sideways  at  an  acute  angle.  A 
bacillus  maybe  seen  to  stick  to  a thread  and  then  to  grow 

‘ Bcilr.  z.  Biol,  d.  PJlanzen,  vol.  i.  p.  1S6.  ; 
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out  by  continuoiis  divisions  into  a long  chain  of  ba,cilli,  thus 
forming,  as  it  were,  a side-branch.  Some  of  the  threads  are 
wavy  and  curved  ; most  of  them  are,  however,  straight.  Zopf  * 


Tio.  i3.  -S'lREPTOTHRIX  FoEKSlEUI 
(after  Cohn). 


Fig.  44.— Ci.ADOTHiiix  dichotoma 
(after  Cohn). 


claims  to  have  observed  that  the  threads  of  the  cladothrix 
gave  rise  to  micrococcus,  bacterium,  bacillus,  and  spirillum  ; 
and  states  that  each  of  these  is  again  capable  of  growing  into 
the  threads  of  the  cladothrix.  But  these  observations  were  not 
made  after  exact  methods. 

(e)  Beggiatoa. — In  stagnant  water,  parti citlarly  in  sulphur- 
containing  water,  peculiar  oscillating  colourless  threads  are 
met  with  of  the  thickness  of  O'OOl  to  O'OIG  mm.  ; they  contain 
highly  refractive  granules,  which  Cohn  (Beitrage  zur  Biol.  d. 
Pji.  I.  3)  has  shown  to  be  composed  of  sulphur.  After  dis- 
solving these  granules  it  is  seen  that  each  thread  is  septate, 
being  composed  of  a sheath  and  transverse  septa  at  regular 
intervals,  by  which  the  threads  appear  made  up  of  a series  of 
short  cylindrical  elements.  There  are  a number  of  species 
varying  from  one  another  in  the  thickness  of  the  threads. 

‘ Zxir  Morphologic  der  Spaltpjlanzen,  Leipzig,  18S2  : see  also  Cienkowski. 
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Zyniogenic  bacilli. 

Amongst  these  there  is  one  species  definitely  known,  namely, 
Ihe  Bacillus  butyricus  {Bacillus  amylobacier,^  Clostridium  buty- 
ricum^  ferment  butyrique,  Pasteur).  This  bacillus  has  the  same 


Fio.  45. — Threads  of  Cladoihrdc  dichotoma  highly  macnified  and 
STAINED  WITH  SpIIXER’S  PuRPLE. 

1.  Threads  of  bacilli. 

2.  Toriila  forms. 

Tlie  sheath  is  everywhere  well  seen. 


morphological  characters  as  regards  length  and  thickness  of 
the  rods,  as  regards  power  to  form  leptothrix,  and  as  regards 
motility,  as  the  bacillus  subtilis.  It  is  capable  of  forming 

* Prazmowski,  Leipzig,  1880  ; van  Tieghem,  Bull  de  la  Soc.bolanique,  vol. 
xxiv.  1877. 
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zoogloea,  and  is  anaerobic,  since  it  grows  well  and  forms  spores 
copiously  even  when  not  exposed  to  the  air.  After  the  rods 
have  gone  on  dividing  and  forming  chains  and  filaments  for 


Fio.  46. — Clostridium  butybicum  or  Bacillus  buttricus. 

Some  of  the  spindle-shaped  forms  include  an  oval  spore. 

some  time,  they  swell  up,  become  granular  and  oval  with 
more  or  less  pointed  ends,  and  the  formation  of  oval  spores 
sets  in.  In  this  state  the  oval  rods  are  about  0*002  to  0*003 
mm,  thick,  and  the  spores  are  about  0*002  to  0*003  mm.  long 
and  0*001  mm.  thick.  In  solutions  of  starch,  dextrin,  and 
sugar  the  bacillus  forms  butyric  acid.  The  fermentation  of 
butyric  acid  in  old  milk  and  ripening  cheese  is  due  to  this 
bacillus.  Cellulose  is  decomposed  by  it,  and  hence  its  great 
importance  in  the  digestive  process  of  herbivorous  animals, 
in  whose  stomach  and  intestine  it  is  very  common.  It  is  very 
common  also  in  substances  containing  starch. 

Iodine  produces  a characteristic  blue  staining  in  the  proto- 
plasm of  the  bacillus.  In  young  rods  the  colour  produced  by 
iodine  is  blue,  in  older  rods  it  is  violet. 

E.  Kern  described  {Biolog.  Centralbl.  ii.  p.  135)  a bacillus 
under  the  name  of  dispora  caucasica,  which  he  found  in  the 
Caucasus,  and  which  is  used  as  ferment  to  produce  from  cow’s 
milk  a peculiar  drink  called  “kephir”  or  “hpypo.”  The 
bacillus  is  similar  to  the  bacillus  subtilis,  but  is  distinguished 
from  it  and  aU  other  bacilli  by  this,  that  every  bacillus  forms 
two  spores,  one  at  each  end,  hence  the  name  dispora.  But 
after  recent  investigations  it  appears  that  this  bacillus  is 
accidental,  the  fermentation  being  produced  bv  saccharomyces 
mycoderma  (see  Chapter  XIV.). 

Pigment  bacilli. 

(a)  Bacillus  ruber.^ — This  appears  as  minute  rods,  isolated  or 

* Colin,  Frank,  Beitr.  z.  Biol.  d.  Pfianzen^  vol.  iii.  p.  181. 
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in  twos  and  fours,  and  motile.  It  was  found  on  boiled  rice  by 
Frank.  Its  colour  is  red,  and  contained  in  the  bacilli  them- 
selves. 

(b)  Bacillus  erythrosporus. — Motile  isolated  rods  and  lepto- 
thrix.  It  was  found  in  meat  extract  solutions  and  on  de- 
composing albumen,  and  forms  pellicles.  In  the  rods  are 
found  oval  spores.^ 

(c)  Bacillus  syncyanus  (Neelsen)  causes  the  blue  colour  of 
milk  after  the  milk  has  become  acid  ; it  grows  well  in 
ammonium  lactate.  It  consists  of  motile  rods,  single  or  in 
short  chains.  Neelsen  ^ saw  the  bacilli  assuming  a torula- 
form,  the  individual  ceEs  being  hourglass-shaped  or  oval,  or 
even  spherical  (compare  Bacillus  anthracis,  Chapter  XI.).  The 
rods  appear  also  as  a non-motile  variety,  and  are  then  found  to 
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Fio.  47.  Bacillus  syncyanus  (after  Neelsen). 

1.  Typical  bacilli,  motile. 

2.  Non-motile  rods  invested  in  a gelatinous  capsule. 

3 and  4.  Bacilli  in  wliich  spore-formation  is  going  on. 

6.  Torula-form  of  the  bacillus. 

be  invested  with  a thick  hyaline  gelatinous  envelope.  The 
rods  form  bright  oval  spores,  being  at  the  same  time  swolleii 
up  and  ovoid.  In  Cohn’s  nourishing  fluid  they  are  capable  of 
forming  leptothrix,  in  which  occur  here  and  there  huge 
spherical  or  oval  swellings,  which,  according  to  Neelsen, 
probably  represent  gonidia. 

» Cohn  andMiflet,  Beitr.  z.  Biol.  d.  Bflanzen,  vol.  iii.  p.  12S. 

“ BtUr.  z.  Biol.  d.  Bflanzen,  vol.  iii.  p.  187. 
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BACILLUS  : PATHOGENIC  FORMS. 

Pathogenic  bacilli. ^ 

(a)  Bacillus  of  sei>ticccmia  of  mice  (Kocb). — By  inoculating 
ordinary  bouse  mice  with  minute  quantities  of  putrid  fluids 


Fig.  43. — Fbom  a Section  theouqh  the  Lung  of  a Mouse  dead  of  Koch’s 

Septicaemia. 

1.  Small  vessel  filled  with  blood  ; the  wliite  blood-corpuscles  are  filled  with  veiy 

minute  bacilli. 

2.  Interalveolar  tissue : in  it  a white  corpuscle  filled  with  the  bacilli.  Magnifying 

power  700. 

3.  A white  blood-corpuscle  more  highly  magnified,  1000. 

(Stained  with  magenta.) 

Koch  found  that  occasionally  one  or  another  of  these  animals 
showed  signs  of  conjunctivitis  and  sopor,  and  finally  death 
followed  in  about  forty  to  sixty  hours.  In  these  cases  slight 

' What  has  been  said  of  the  micrococci  associated  with  open  wounds  and 
abcesses  applies  also  to  bacilli ; i.e.  there  are  often  bacilli  present  in  the 
secretions  of  open  wounds,  and  in  the  tissue  of  the  base  of  ulcers  ; and  as  the 
inflammation  spreads,  so  also  do  the  bacilli  pi'adually  invade  the  surroundiutr 
tissues.  To  mention  one  series  of  cases  only,  in  ulcerations  and  in  inflammatioiiH 
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cecIeiTia  is  found  at  the  seat  of  inoculation  ; the  spleen  is  large  ; 
in  the  cedeinatoiis  tissue  and  in  the  blood-vessels,  large  and 
small,  numbers  of  minute  bacilli  are  found,  chiefly  contained 
in  the  white  blood-corpuscles,  but  also  free.  They  are  very 
minute,  about  O'OOOS  to  0 001  mm.  long,  to  O'OOOl  to  0'0002 
mm.  thick,  isolated  or  in  couples,  or  in  chains  of  four  or  more. 
The  smallest  quantity  of  this  blood  invariably  kills,  with  the 
same  symptoms,  house  mice  and  sparrows,  but  not  field  mice. 
Rabbits  inoculated  with  these  bacilli  in  the  skin  of  the  ear  or  the 
cornea  show  only  a local  inflammation,  and  the  tissues  presently 
contain  numerous  bacilli  of  the  same  kind.  Such  animals. 


Fiq.  49.— From  a Section  through  the  Small  Intestine  of  a Mouse  dead 

OP  SEPTIC.BMIA. 

The  figure  represents  a section  through  a small  vein  in  the  submucous  tissue, 
lillecl  with  blood.  At  1,  there  is  a homogeneous  substance  and  in  it  numerous 
baciUi,  but  these  bacilli  are  much  larger  than  tlie  bacilli  of  Koch' s septicaraia 
in  the  mouse. 

Magnifying  power  about  700.  (Stained  with  methylene  blue  and  vesuvin.) 


after  the  local  effect  has  passed  off,  are  protected  against  any 
further  attack  by  the  same  bacilli.  Koch  cultivated  these 
bacilli  artificially  on  mixtures  of  aqueous  humour  and  gelatine, 
of  gelatine  and  peptone  (1  per  cent),  salt  (0’6  per  cent  NaCl), 
and  sodium  phosphate  in  sufficient  quantity  to  produce  a just 
alkaline  reaction.  The  bacilli  grow  well  on  this  mix'ture,_and 
by  repeated  and  rapid  division  form  peculiar  branched  series. 


(&)  Bacillus  of  septiccemia  of  man. — In  several  cases  of 
human  septiciemia  I have  found  in  the  blood-vessels  of  the 
swollen  lymphatic  glands  large  numbers  of  minute  bacilli. 


of  the  mucous  membrane  of  the  stomach  and  intestine,  large  numbers  of  bnciUi 
are  occasionally  found  on  the  surface  of  tlie  inflamed  parts,  and  gradually 
invading  the  i'nflamed  tissue.  Von  Recklinghausen  (Vxrchow  s Archiv.  vol. 
XXX.),  von  Wahl  (ibidevi,  vol.  xli.),  saw  pustular  nodules  m the 

inflamed  g.astric  mucous  membrane  which  were  full  of  bacilli.  Whether  xhe 
nresence  and  crowth  of  these  bacilli  was  the  primary  cause  or  only  a concomitant 
symptom  (due,  for  example,  to  the  loss  of  active  vitiUity  of  the  tissue)  remains  to 
bo  proved. 
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slightly  thicker  than  those  just  mentioned.  They  form  con- 
tinuous masses,  both  in  the  capillaries  and  in  the  minute  veins, 
amounting  in  some  cases  to  veritable  emboli.  They  occur 
isolated  or  in  short  chains,  their  length  about  O'OOl  to  0’0025 
mm.,  their  thickness  about  0 0003  to  0'0005  mm.  Arloing 


/ 


Fig.  60.— From  a Seciion  through  a Lymphatic  Olanh  of  SIan  head 
OP  SEPTIC.EMIA. 

I.  A blood-vessel  which  at  one  place  is  distended  by  and 
filled  with  minute  bacilli. 

.2.  Lymph-corpuscles. 

3.  Degenerated  lymph-corpuscles 
Magnifying  power  700.  (Stained  with  gentian  violet.) 

and  Chauveau  (mentioned  in  the  British  Medical  Journal, 
Jan.  12,  1884)  found  in  gangrenous  septicaemia  around  wounds 
.short  bacilli,  some  containing  one  or  two  spores,  which  thev 
consider  as  the  true  cause  of  the  gangrene.  They  are  destroyed 
when  fresh  by  a temperature  varying  between  90°  and  100°  C.  ; 
after  drying,  a temperature  of  120°  C.  is  required.  ’ 
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(r)  Tiacillus  nf  typhoid  fever  of  man. — Ivlehs’  described  in 
the  inflamed  Fever’s  glands,  in  the  mesenteric  glands,  larynx, 
and  lungs  of  patients  dead  of  typhoid  fever  certain  bacilli, 
which  are  about  0 0002  mm.  thick  and  of  various  lenrths, 
forming  filaments  up  to  0'05  mm.  long.  These  bacilli  form 
spores.  Eberth  ^ found  in  about  50  per  cent,  of  cases  of 
patients  dead  of  typhoid  fever,  in  the  mesenteric  glands  and 
spleen,  peculiar  short  bacilli,  rounded  at  their  ends,  and 
occasionally  slightly  constricted  in  the  middle  ; some  of  them 


Fio.  51— From  a Section  ynnouGH  the  Mesenteric  Gland  of  a Ferson 
WHO  DIED  OF  Typhoid  Fever. 

1.  Capillary  blood-vessel  filled  with  blood-corpuscles. 

2.  Large  lymph-cell. 

S.  Nuclei. 

4.  Bacilli. 

Magnifying  power  700. 


contained  spores.  The  bacilli  stain  very  freely  with  methyl- 
violet.  It  is,  however,  doubtful  whether  these  bacilli  can 
be  considered  as  necessarily  and  intimately  coimected  with 
typhoid  fever,  seeing  that  they  are  not  constant,  and  only 
occur  in  the  mesenteric  glands  and  spleen,  i.e.  in  localities  info 
which  an  immigration  of  putrefactive  baciUi  from  the  bowels 
may  easily  take  place  ; especially  when  we  remember  that  in 
cases  of  typhoid  fever  that  end  fatally  there  constantly  occur 
severe  sloughing  and  necrosis  of  the  mucous  membrane  of  the 
Peyer’s  glands.  The  bowels  in  typhoid  fever  always  contain 
innumerable  masses  of  micrococci  in  colonies  ; and  these 
micrococci  are  found  not  only  in  the  tissue  of  the  intestinal 

• ArcUvf.  exp.  Path.  vol.  xii.  , ,,  , •,  , 

^ Virchow’s  Archiv,  vols.  Ixxxiii.,  Ixxn'n.  Pee  also  Koch,  MtWieil.  a.  d.  h. 
Gesundheitsamte,  i.  ISSl ; and  GiifTky,  ibid.  1SS2. 
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mucous  membrane  but  also  in  tbe  mesenteric  glands  and 
spleen.^ 


Fio.  52. — From  a Section  throogh  the  Kidney  of  a Case  that  died 
AFTER  MeAT-PoISONINO  AT  WeLBECK. 

riie  figure  represents  part  of  a glomerulus  of  a Malpighian  corpuscle,  in  wliich 
some  of  the  capillary  blood-vessels  are  filled  with  the  bacilli.  Magnifying 
power  70J. 

1.  Capsule  of  Malpighian  corpuscle. 

2.  Capillaries  filled  with  bacilli. 

3.  Capillaries  empty. 

4.  Bacilli  contained  between  capillaries. 

(d)  Bacillus  of  choleraic  diarrhoea  from  meat-poisoning. — In 
July,  1880,2  there  occurred  in  Welbeck,  Notts,  an  extensive  out- 
break of  diarrhoea  among  over  seventy-two  persons  who  had 

' Klein,  Reporti  of  the  Medical  Officer  of  the  Privy  Convcil,  1875. 

Report  by  Dr.  Ballard  in  the  Beports  of  the  Medical  Officer  of  the  Local 
Government  Board,  1880. 
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partaken  of  beef  and  ham  sandwiclies  sold  at  Welbeck  on  the 
occasion  of  a sale  of  timber  and  machinery  on  the  estate  of 
the  Duke  of  Portland.  The  infection  showed  itself  after  an 
mcubation-penod  varying;  from  twelve  hours  or  less  to  forty- 
eight  hours  or  more.  The  first  symptoms  were  a sudden 
feeling  of  languor,  nausea,  griping  in  the  abdomen,  in  some 
cases  giddiness  and  fainting,  and  pain  in  the  trunk.  Then 
followed  pain  in  the  abdomen,  diarrhoea,  and  vomiting  the 
diarrhoea  being  most  constant.  Four  cases  ended  fatally. 
On  post-mortem  examination  enteritis  and  pneumonia  were 
most  prominent.  Part  of  the  kidney  was  examined  in 
microscopic  sections,  and  it  was  found  that  many  of  the 
tubuli  uriniferi  contained  hyaline  casts  ; that  the  capUlaries  of 
the  glomeruli  of  the  Malpighian  corpuscles,  and  the  aflerent 
arterioles,  contained  numbers  of  bacilli,  some  of  the  capillaries 
being  distended  by  and  plugged  with  masses  of  bacilli  dense!  v 
aggregated.  In  February,  1881,  a-  similar  but  less  extensive 


Fio.  53. — IsoL.\TKD  Bacilli  ik  a small  Artery  ok  the  same  Kidsey 

AS  IN  PREOEDINO  I'lGURE. 

Some  bacilli  contain  spores. 

outbreak  occurred  at  Nottingham,  among  fifteen  persons 
that  had  partaken  of  certain  baked  pork.  The  symptoms 
were  similar  to  those  in  the  Welbeck  outbreak.  One  case 
ended  fataUy.  Post-mortem : bloody  exudation  in  pericardium, 
intense  pneumonia,  mesenteric  glands  enlarged,  enteritis, 
Peyer’s  glands  enlarged.  BaciUi  similar  to  those  of  the  above 
case  were  found  in  the  blood,  in  the  pericardial  exudation,  in 
the  juice  and  in  the  bloody  fluid  filling  the  alveolar  cavities  of 
the  inflamed  lung,  in  the  vessels  of  the  kidney,  in  the 
submucosa  of  the  inflamed  Peyer’s  glands  of  the  small  intestine, 
in  the  blood-vessels  of  the  spleen  and  around  them. 

The  bacilli  vary  in  length  between  0'003  and  0 009  mm. ; 
their  thickness  is  about  0 0013  mm.  They  are  rounded  at 
their  extremities,  single  or  in  chains  of  two,  and  some  contain 
a bright  oval  spore,  situated  in  the  centre  or  at  one  end,  and 
about  O'OOl  mm.  thick.  This  was  the  case  with  the  bacilli 
in  the  glomeruli  of  the  kidney  of  the  Welbeck  case.  The 
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bacEli  containing  spores  were  thicker  than  those  without 
them. 

Experiments  hy  feeding  and  inoculation  made  on  dogs  and 
cats,  rabbits,  guinea-pigs,  and  mice,  with  the  ham  that  had 
done  the  mischief  in  the  Welbeck  case  produced  positive 
results.  In  all  cases  we  found  pneumonia  and  bmmorrhage  in 
the  liver,  peritonitis  in  some,  spleen  enlarged  in  most.  The 
bacilli  found  in  this  ham  were  cultivated  in  the  incubator  in 
white  of  egg,  and  after  two  days’  cultivation  four  white  rats, 
and  several  guinea-pigs  and  white  mice  were  inoculated,  and 
they  became  ill  after  twenty-four  hours  ; they  were  quiet,  did 
not  feed  well,  and  were  more  or  less  soporous.  When  killed 
the  spleen  was  found  enlarged,  and  in  the  lungs  were  found 
haemorrhage  and  hyperaemia,  and  in  some  cases  extensive 
pneumonia. 

Blood,  pericardial  exudation,  and  lung  juice  from  the  fatal 
Nottingham  case.inoculated  into  ten  animals  (guinea-pigs  and 
wldte  mice)  procluced  fatal  results  in  six,  the  other  four  were 
killed  ; but  in  all  there  was  severe  pneumonia,  in  eight  out  of 
the  ten  there  was  peritonitis,  in  four  also  pleuritis,  and  in  two 
in  addition  enlargement  of  the  liver  and  spleen.  Bacilli  were 
found  in  the  blood  and  exudations  of  these  animals.  On 
cultivating  blood  and  lung  juice  from  the  above  case,  a crop  of 
bacilli  was  produced,  which  on  inoculation  proved  very 
poisonous  in  the  same  way  as  in  the  previous  cases. i 

(e)  Bacillus  malarice. — Klebs  and  Tommasi-Crudeli  ^ de- 
scribed a bacillus  occurring  in  the  soil  of  the  Roman  Campagna, 
which  they  cultivated  on  gelatine.  The  rods  are  about  0'002 
to  0'007  mm.  long  ; they  grow  in  cultures  into  long  leptothrix 
filaments  composed  of  short  joints.  The  rods  form  .spores 
either  in  the  centre  or  at  their  ends.  They  grow  well  also  in 
other  media,  e.g.  albumen,  urine,  and  glue.  They  require 
oxygen  for  their  growth,  and  are  therefore  aerobic.  According 
to  Marchiafava,^  they  occur  also  in  the  blood  of  patients 
suffering  from  malaria.  Inoculations  of  rabbits  with  the 
cultivated  or  original  bacilli  produced  a febrile  disorder,  which 
Klebs  and  Tommasi-Crudeli  consider  analogous  to  the  human 
intermittent  fever  ; but  experiments  made  by  Sternberg  with 
material  derived  from  the  soil  of  malarious  localities  in 
America  did  not  bear  this  out.  The  febrile  disorder  had 
nothing  of  the  character  of  human  intermittent  fever,  and 

' Compare  also  Hobor,  Archiv  f.  Iclin.  Med.  xxv. 

“ Archiv f.  exp.  Path.  vol.  xi. 

3 Archiv  f.  exp.  Path.  vol.  xiii. 
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besides,  could  be  produced  by  other  bacilli  than  those  of 
malarious  soil. 

if)  Bacillus  of  ulcerative  stomatitis  in  the  calf. — In  the 
Lancet  oi  May,  1883,  A.  Lingard  and  E.  Batt  described  peculiar 
bacilli  in  ulcerations  occurring  on  the  tongue  and  buccal 
mucous  membrane  of  the  calf.  “ The  typical  ulcer  in  advanced 


s 


Fig.  54. — From  a Section  through  necrosed  and  adjoining  inflamed  parts 
OF  THE  Bar  op  a Rabbit,  inoculated  with  Matter  taken  from 
Ulcerative  Stomatitis  of  the  Calf. 

1.  Necrosed  part. 

2.  Inflamed  tissue. 

3.  Bundles  of  bacilli. 

Magnifying  power  700.  (Stained  with  magenta.) 


cases  consists  of  a sore  vrith  free  overhanging  edges.  On  section 
through  the  sore  the  tongue  is  found  necrosed  to  a considerable 
depth.”  “Whenever  the  sore  touches  any  other  part  of  the 
mouth  or  cheek,  the  disease  is  communicated  and  rapidly 
spreads.  In  some  cases  similar  necrotic  changes  had  taken 
place  in  the  lung.  The  line  of  junction  of  the  necrotic  with 
the  healthy  tissues  was  found  to  be  occupied  by  a dense  mass 
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of  bacilli  having  the  appearance  of  a dense  phalanx  advancmg 
upon  the  healthy  tissues.  The  disease  has  been  proved  capable 
of  transmission  (to  the  rabbit  and  mouse)  by  injection  of  the 
bacilli  in  question,  which  are  equally  numerous  and  virulent 
after  passing  through  several  generations  by  inoculation. 

The  disease  often  ends  fatally  in  calves. 


Fio.  55. — From  a Section  through  Tongue  of  Calf,  Ulcerative  Stomatitis, 

1.  Muscular  fibres. 

2.  Inflamed  tissue. 

3.  Bundles  of  the  bacilli. 

Magnifying  power  700.  (Stained  with  magenta.) 


The  best  method  of  staining  the  bacilli  was  found  to  be 
this  ; The  sections,  both  those  prepared  from  the  ulcerations 
of  the  calf’s  tongue  and  from  the  inoculated  tissues  of  the 
rabbit,  are  immersed  in  a mixture  of  magenta  and  methyl-blue, 
then  washed  in  spirit,  and  after  clarifying  in  clove-oil  _ are 
mounted  in  Canada  balsam  solution.  The  bacilli  are  stained 
deep  pink,  the  inflamed  tissue  blue.  The  bacilli  appear  as 
thin  rods  in  rows,  thus  forming  a leptothrix-like  growth.  In 
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some  of  llie  long  filaments  the  individual  bacilli  are  not  well 
shown.  The  filaments  are  either  straight  or  more  or  less 
curved.  The  length  of  the  single  bacilli  varies  from  0'004  mm. 
or  less  to  0'008  mm.  or  more  ; the  thickness  is  about  O'OOl  mm. 
Many  of  them  contain  s^jores.  In  the  ear  of  the  rabbit  they 
invade  the  connective  tissue  as  well  as  the  cartilage  over  the 
whole  extent  of  the  ulceration  and  its  neighbourhood.  Mr. 


Fin  .')()  —From  a Section  through  the  Cartilage  of  Eabrit’s  F..\r  in  which 

U LCERATION  HAD  BEEN  PRODUCED  BY  INOCULATION  WI  I U NECROSED  MATTER  OF 

Calf’s  Tongue. 

1.  Cartilage  capsules. 

2.  Bundles  of  good  liacilli. 

3.  Bundles  of  degenerating  bacilli. 

Magnifying  power  700.  (Stained  with  magenta.) 

Lingard  found  the  same  bacilli,  having  the  same  arrangement, 
in  a case  of  noma  in  the  human,  subject. 

{g)  Bacillus  of  glanders. — In  1882  Schiitz  and  Loffler^  ascer- 
tained the  occurrence  of  peculiar  bacilli  in  the  nodules  of  the 
nasal  mucous  membrane  and  internal  organs,  such  as  the  lung, 
spleen,  and  liver,  of  horses  dead  or  dying  from  glanders. 

* Deutsche  med.  Wochenschri/t,  62,  1SS2. 
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These  bacilli  are  very  minute,  being  of  about  the  size^  of 
tubercle-bacilli  (see  below),  and  are  brought  out_  by  staining 
the  tissues  with  a concentrated  watery  solution  of  methylene- 
blue,  and  after  this  washing  with  very  dilute  acetic  _ acid. 
They  succeeded  in  artificially  cultivating  the  bacilli  in  the 
incubator  at  38°  C.,  on  solid  sterilised  serum  of  horses’  and 
sheep’s  blood,  using  for  the  purpose  particles  (see  below,  under 
“Tubercle-bacilli’’)  of  nodules  of  the  lung  and  splep  of  a 
horse  dead  of  glanders.  After  two  days  {i.e.  on  the  third  day) 
there  appeared  on  the  surface  of  the  inoculated  material  the 
first  traces  of  the  growth  in  the  form  of  minute  transparent 
droplets  which  consisted  entirely  of  the  characteristic  bacilli. 
Cultivating  these  through  several  generations  or  transferences. 


Fig.  57.— Pus  op  a Pulmonaby  Abscess  in  a ITokse  dead  of  Glanders. 

1.  The  nnolei  of  pus  cells. 

2.  The  glanclers-bacilli. 

Magnifying  power  700.  (The  preparation  had  been  stained  with  methylene-blne.) 


and  then  inoculating  with  them  a horse,  rabbits,  guinea-pigs, 
and  mice,  positive  results  were  obtained,  especially  in  the 
guinea-pigs,  which  appear  very  susceptible  to  the  disease.  On 
the  site  of  the  subcutaneous  inoculation  appears  an  ulcer  with 
indurated  base,  speedily  enlarging  and  spreading  ; other  ulcers 
follow  in  the  neighbourhood,  the  neighbouring  lymphatic 
glands  become  swollen,  and  the  general  infection  follows,  in 
llie  form  of  nodules  and  ulcers  on  the  nasal  septum,  and 
nodules  in  the  internal  organs.  In  the  guinea-pig  a charac- 
I eristic  tumour  of  the  testis,  ovary,  and  vulva  is  often  observed. 
In  all  these  cases  the  diseased  tissues  and  organs  contained  the 
characteristic  bacilli.^ 

* other  writers  on  the  bacilli  of  glanders  are  Drs.  Bouchard,  Capit.an,  Clmrvin, 
in  the  Sevii-  midicale  frnnqaiae.,  Dec.  30,  18S2 ; N.  P.  Wassilietf,  in  Deutacha 
med.  IVoch.  11,  18S3,  observed  the  bacilli  in  human  glanders. 
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(h)  Bacillus  of  swine  plague. — I n a report  to  the  medical 
officer  of  the  Local  Government  Board  for  1877-1878,  I have 
shown  that  in  this  acute  infectious  disease  the  affected  organs 
contain  a form  of  bacterium  in  morphological  respects  identical 
with  bacillus  suhtilis,  i.e.  consisting  of  longer  or  shorter  motile 
rods,  capable  of  forming  spores  ; further,  that  artificial  cultures 
of  these  bacilli  cause  the  disease  in  pigs  after  inoculation  ; and 
lastly,  that  mice  and  rabbits  become  affected  with  this  disease 
after  inoculation  with  material  directly  derived  from  the 
diseased  organs  of  the  pig  or  with  artificial  cultures.  Last 
year  Pasteur  claimed  to  have  cultivated  from  the  blood  of  the 
pig  affected  witli  the  disease  a microbe  which  is  not  a bacillus, 
but  a dumb-bell  micrococcus.  He  states  that  he  ha.s  produced 


Fia.  68.— From  a Section  through  the  Inflamed  Inguinal  Lymph-Gland 
OF  A Pig  dead  op  Swine  Plague. 

1 A capillary  blood-vessel  filled  with  bacilli. 

2.  Reticulum  of  adenoid  tissue. 

3.  A lymph-cell. 

Masuifyina  power  700.  (Stained  with  Spiller's  purple.) 

with  these  cultures  fatal  illness  in  pigeons  and  rabbits,  and  has 
also  caused  the  plague  in  swine.  I have  been  able  to  show  by 
new  experiments  that  Pasteur  is  wrong  in  all  these  points. 
First,  I have  proved  that  pigeons  are  altogether  insusceptible 
to  the  disease,  since  inoculations  with  material  directly  derived 
from  the  diseased  organs  of  the  pig  dead  of  swine  plague, 
material  which  is  well  known  to  produce  the  disease  in°the 
pig,  mouse,  and  rabbit,  are  altogether  harmless  to  pigeons  ; 
and  similarly  cultivations  of  the  true  bacteria  of  swine  plague 
do  not  affect  pigeons  in  the  least.  According  to  Pasteur’s 
statement  the  pigeons  inoculated  with  his  cultures  of  the 
dumb-bell  micrococcus  died  with  symptoms  and  with  ana- 
tomical lesions  almost  identical  with  those  of  the  form  of 
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septic£einia  knowTi  as  fowl-cholera  ; and  the  conclusion  is 
therefore  forced  upon  us  that  Pasteur’s  cultures  were  contanii- 
nated  with,  or  contained  solely,  the  organism  of  this  septicBemia. 
Similarly  his  rabbits  probably  died  from  the  same  disease, 
since  these  animals  are  exceedingly  susceptible  to  septicaemia. 

On  examining  the  diseased  tissues  of  pigs  dead  of  swine 
plague  by  the  modern  methods  of  anilin  staining,  I ascertained 
that  all  the  diseased  organs  (lungs,  intestines,  inguinal  and 
bronchial  lymph-glands)  contain  the  characteristic  bacilli, 
mostly  filling  and  plugging  minute  blood-vessels.  So  do  the 
diseased  organs  of  mice  and  rabbits  (spleen,  liver,  lung)  dead 
of  the  disease. 

Artificial  cultivations  made  in  broth  and  hydrocele  fluid 
from  diseased  organs  of  the  pig,  mouse,  and  rabbit,  after  an 


Flo.  59.— From  a PREPAEATton  op  Bronchial  Mucus  of  a Piq  dead  of  Swine 

Plague. 

1.  Detached  epithelial  cells  of  alveoli. 

2.  Bacilli. 

3.  Micrococci. 

Magnifying  power  700.  (Stained  with  Spiller's  purple.) 


incubation  of  twenty-four  hours  at  temperatures  ranging 
between  30°  and  42°  C.  contain  the  above  rods,  which  crowd 
the  nourishing  fluids,  all  being  rather  short,  about  0 002  to 
0'003  mm.  long,  and  all  possessed  of  the  power  of  active  loco- 
motion, such  as  is  -known  to  be  possessed  by  the  septic  bac- 
terium termo  and  bacillus  subtilis.  During  the  following  days 
of  incubation,  while  the  rods  multiply,  many  of  them  lose 
their  motility,  grow  longer,  up  to  0'005  mm.  and  more,  and 
in  some  of  the  longer  samples  bright  spores  make  their 
appearance,  one  spore  at  one  or  both  ends  or  sometimes  in 
the  centre. 
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From  these  cultivations  new  cultivations  may  be  made  and 
carried  on  through  successive  generations,  all  cultures  behaving 


F[q.  60.— From  a Section  through  the  Kidney  of  Babbit  dead  of  Swine 
Plague,  showing  a Malpighian  Corpuscle,  the  Capillaries  op  the 
Glomerulus  being  transformed  into  hyaline  impermeable  cyijnders. 

1.  BRcilli. 

Magnifying  power  500.  (Stained,  witli  SpiUer's  purple.) 


Fig.  61. — Blood  op  fresh  Spleen  of  a Mouse  that  died  of  Swine  Plague. 

1.  Blood  discs. 

2.  A large  nucleus. 

3.  Groujis  of  minute  Bacilli. 

4.  Long  Bacilli. 

5.  DumB-Bells  of  Bacilli. 

Magnifying  power  700.  (Stained  witli  gentian  violet.) 


in  the  same  manner;  and  in  all  of  them  the  rods  only  are 
present,  and  show  exactly  the  same  changes  as  in  the  parent 
culture. 
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The  smallest  droplet  of  any  of  these  cultivations  produces 
the  disease  in  pigs,  mice,  and  rabbits.  The  mice  and  rabbits 


Fig.  C2. — From  a Section  through  a Necrotic  Patch  op  the  Liver  of  a 
Mouse  dead  of  Swine  Plague. 

1.  Tracts  of  liver  cells  sltrunk. 

2.  Capillary  Wood-vessels  filled  with  very  small  micrococci, 

amongst  which  are  seen  the  bacilli. 

3.  Bacilli  only. 

Magnifying  power  700.  (Stained  with  Spiller’s  purple  and  magenta.) 


die  with  exactly  the  same  appearances  and  with  the  same 
anatomical  lesions  as  when  they  are  inoculated  with  material 
directly  taken  from  the  diseased  organs  of  a pig  dead  of  swine 


/ 
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Fig.  63.  — Bacilli  of  Swine  Plague, 
FROM  AN  artificial  OULTURl', 
AFTER  Forty-eight  Hours’  In- 
cubation. 

Magnifying  power  700.  (Dried  and 
stained  with  Spiller's  purple.) 


Fig.  04. — Bacilli  of  Swine  Plaguf, 

FROM  AN  ARTIFICIAL  CULTURE, 
DURING  Sixth  Day  of  Incubation. 

1 and  2.  Bacilli. 

3.  Bacilli  in  which  spores  have  been 
formed.  Magnifying  power  7u0. 
(Fresh  specimen.) 


plague.  Those  animals  generally  die  on  the  fifth,  sixth,  or 
seventh  day,  and  on  post-mortem  examination  show  a charac- 
teristic swelling  of  the  spleen,  a characteristic  disease  of  the 
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liver  (chiefly  coagiilative  necrosis  of  tracts  of  the  liver  tissue), 
and  inflammation  of  the  lungs. 

Inoculations  of  suitable  sterilised  nourishing  fluids  made 
from  the  spleen,  liver,  and  lung  of  such  animals  always  result 
in  producing  a copious  crop  of  the  characteristic  bacilli,  as  do 
those  made  with  the  lung  and  bronchial  glands  of  pigs  dead 
of  swine  plague  ; but  from  the  blood  of  the  pig  the  cultiva- 
tions do  not  as  a rule  succeed,  nor  as  a rule  from  the  blood  of 
mice  ; occasionally,  however,  those  from  the  blood  of  rabbits 
dead  of  the  disease  do  succeed. 

Quite  recently  I have  ascertained  that  pigs  inoculated  with 
artificial  cultures  of  these  rods  (started  from  the  pig,  mouse, 
or  rabbit  dead  of  the  plague)  or  with  the  diseased  organs  of  a 
mouse  or  rabbit,  suffer  from  a mild  form  of  the  disease,  which 
after  one  or  two  weeks  passes  off  completely.  I have  had  pigs 
that  had  been  twice  inoculated,  the  first  time  with  artificial 
cultures,  the  second  time_^  with  diseased  organs  of  mouse  and 
rabbit,  and  each  time  the  pigs  suffered  from  a mild  form  of 
the  disease.  They  were  then  inoculated  a third  time  with  the 
juice  of  the  diseased  (fresh)  lung  of  a pig  dead  of  the  plague  ; 
this  time  also  they  showed  distinct  symptoms  of  the  disease, 
but  after  a few  days  to  a week  they  completely  recovered.  If 
normal  (or  not  previously  inoculated)  pigs  are  inoculated  with 
matter  from  the  diseased  fresh  lung  of  a pig  dead  of  the 
plague,  they  as  a rule  die  from  a virulent  form  of  the  disea.se. 
But  in  the  above  case  they  were  protected  by  previous  in- 
oculations, not  altogether  against  a new  attack  but  against  a 
fatal  attack. 

(i)  Bacillus  Lejjra:. — Armauer  Hansen  ’ first  ascertained  the 
existence  of  large  numbers  of  minute  bacilli  in  the  peculiar 
large  leprosy-cells  of  Virchow,  which  occur  in  the  nodules  of 
leprous  patients.  Neisser  confirmed  this,  and  considerably 
extended  our  knowledge  of  the  bacilli,  showing  that  they  can 
be  readily  stained  pink  with  fuchsin  or  with  Ehrlich’s  acid 
solution  of  eosin-hsematoxylin.  The  bacilli  are  fine  rofls 
about  0’004  to  0 006  mm.  long  and  less  than  0 001  mm.  thick. 
They  are  pointed  at  their  ends,  and  always  occur  in  masses 
within  the  large  leprosy-cells  of  the  leprous  tubercles  of  the 
skin  and  internal  organs.  But  they  are  also  present  in  the 
interstitial  tissiie  of  the  nervous  branches  in  the  anaesthetic 
variety  of  the  disease.’*  Some  bacilli  are  motile,  others  not ; 

' Virchow’s  Archiv,  vol.  Ixxix;  and  Quart.  Journ.  of  Micro.  Sei.  1S80. 

“ Compare  also  Comil,  Union  Midicale,  18S1,  Nos.  178,  179,  aud  Babes 
Archives  d.  Physiulogie,  July,  1883. 
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some  possess  bn’glit  oval  spores,  and  others  are  more  or  Rss 
beaded,  owing  to  local  collections  of  the  protoplasm  within 
their  sheath.  Neisser  and  Armauer  Hansen  have  cultivated 


Fro.  65. — Fbom  a Section  through  the  Larynx  of  a Patient  dead  of 

Leprosy. 

Huge  cells  in  fibrous  connective  tissue ; the  cells  are  filled  with  the  leprosy 

bacilli. 

Magnifying  power  600.  (Stained  with  magenta  and  vesuvin.) 

them  artificial!)'  in  blood-senim  and  in  solutions  of  meat- 
extract.  Neisser  lias  also  shown  that  the  characteristic  leprosv- 
cells  are  only  wandering  cells  modified  by  the  growth  and 


jrA>y/ 


Flo.  66. — Bacilli  of  the  same  Preparation  as  in  preceping  Figure. 
More  highly  magnified,  1000. 

multiplication  in  them  of  the  bacilli.  In  the  blood  the  bacilli 
do  not  occur,  but  they  spread  probably  only  by  way  of  the 
lymphatics. 
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Inoculation  experiments  on  domestic  animals  and  monkeys 
have  hitherto  failed.^  Damsch-  maintains,  however,  that  he 
was  able,  by  inoculation  with  leprous  tissue  into  the  peritoneal 
cavity  and  into  the  skin,  to  produce  in  cats  a distinct  increase 
and  sprouting  of  the  bacilli.  Preparations  of  leprous  nodules 
of  the  larynx  and  skin  made  by  my  friend,  Mr.  A.  Lingard, 
and  stained  with  Weigert’s  solution  of  magenta  and  vesuvin, 
showed  the  leprosy-bacilli  completely  filling  all  the  cell^. 


Fio.  07.— Cells  ok  tup.  Lepro.sy  Kopules  of  Man,  filled  with  the 
Leprosy  B.icilli  (after  Xeisseb). 


small  and  large,  spherical  and  spindle-shaped,  contained 
between  the  connective-tissue  bundles. 

In  a section  through  the  liver  of  a bird  (Rhea)  that  died  in 
the  Zoological  Gardens  in  London,  prepared  by  Dr.  Gibbes 
after  his  method  of  staining  for  tubercle-bacilli,  there  were 
seen  innumerable  aggregations  of  larger  and  snialler  pink 
masses  (visible  to  the  unaided  eye  as  dots  of  the  size  of  a pin’s 
point  to'  that  of  a pin’s  head  or  millet  seed,  and  larger).  Under 


Fio.  68.— From  an  ariikictal  cultfre  of  Bacillus  of  Leprosy 

(AFTER  NEISSER). 


the  microscope  these  pink  masses  were  seen  to  be  composed  of 
cells  of  various  sizes,  each  filled  with  an  enormous  number  of 
what  appeared  rrnder  a high  power  very  short  bacilli,  much 
.shorter  than  tubercle-bacilli.  But  they  gave  the  same  re- 
action as  tubercle-bacilli.  Here  and  there  isolated  cells  of 
various  sizes  could  be  seen  filled  with  the  bacilli.  In  the 
large  cells  the  cell-outline  was  becoming  indistinct,  and  in 
some  the  cell-substance  was  seen  to  break  down,  whereby  the 

* Kobtier,  Virchow’s  Archiv,  vol.  Ixxxviii.  ; Hansen,  ibidem,  vol.  xc. 

“ Virchow’s  Archiv,  Yol.  xeii. 
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bacilli  became  free.  In  these  respects,  in  the  size,  distribu- 
tion, and  character  of  the  bacilli,  there  exists  a remarkable 
similarity  between  the  nodules  in  leprosy  and  the  nodules 
just  mentioned. 


Fio.  69. — From  a Section  through  a Noddle  of  the  Liver  of  Rhea. 

1 . Cells  of  various  sizes  filled  with  minute  hacilli ; owing  to  the  smallness  of  the 
bacilli  and  to  their  being  crowded  in  the  cells  and  owing  to  the  comparatively 
low  magnifying  power  (300)  the  bacilli  appear  like  dots. 

(Stained  witli  fuclisin  and  methyl-blue.) 


Fio.  70.— Two  Cells  of  the  Leprosy  (?)  Noddles  in  the  Liver  of  a 
Bird  (Rhea). 

The  cell  substance  is  crowded  with  minute  bacilli,  similar  to  leprosy-bacilli. 
Magnifying  power  700.  (Stained  with  magenta.) 


{j)  Bacillus  of  malignant  cedeina  (Koch),  vibrion  septiquc. 
(Pasteur).  By  inoculating  mice,  rabbits,  and  especially  guinea- 
pigs  subcutaneously  with  a comparatively  large  quantity  of 
earth,  or  of  putrid  fluid,  one  occasionally  produces  death  in 
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twenty-four  to  forty-eiglit  liours.  This  form  of  septicajniia  is 
also  called  “ Pasteur’s  septicaemia,”  and  is  of  course  distinct  and 
different  from  Davaine’s  septicaemia.^  At  the  seat  qf  the  inocu- 
lation and  spreading  from  it  into  the  subcutaneous  tissue  of 
adjoining  parts  there  is  much  discoloration  and  occasionally 
haemorrhage ; a turbid  offensively-smelling  ichor  fills  the 
spaces  of  the  subcutaneous  tissue,  and  in  it  are  found  large 
numbers  of  bacilli,  some  motile,  others  not.  The  lungs  are 
hypcrtemic  and  have  small  hauiiorrhagic  spots.  The  spleen  is 


Fia.  71. — Blood  of  a Guinea-pig  dead  op  Koch's  Malignant  (Edema. 

1.  Red  blood  discs. 

2.  White  corpuscles. 

3.  Single  bacilli. 

4.  Chain  of  long  bacilli. 

5.  Leptothrix. 

Magnifying  power  700.  (Stained  with  gentian  violet.) 

invariably  enlarged  and  haemorrhagic  spots  are  often  noticed 
on  the  peritoneum  of  the  abdominal  organs,  and  there  is  some 
peritoneal  exudation.  The  blood  of  the  spleen,  of  the  liver, 
limg,  and  intestine,  the  serous  coating  of  the  abdominal  organs, 

“ Eosenberger  maintains  (Ccnlralblait/.  d.  med.  Wias.  4,  1883)  that  the  blood 
and  exudation-fluids  of  rabbits  dead  of  Davaine's  or  Pasteur’s  septicmmia  can  be 
efl'ectually  sterilised  by  heat  without  losing  their  specific  action,  reproducing  on 
injection  into  fresh  animals  the  disease  with  the  recurrence  of  tlie  organisms 
characteristic  of  the  disease.  Dowdeswell,  however,  states  (Proceedings  of  the 
Royal  Society,  221,  1882)  that  this  is  not  the  case,  for  on  really  effectual  sterilisa 
tion  by  heat  the  organisms  are  killed,  and  the  fluids  become  innocuous. 
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and  the  peritoneal  exudation,  contain  the  same  bacilli -as  the 
subcutaneous  exudation.  Many  ot  them  include  spores.  By 
iniectiim  the  bacillus  into  the  peritoneal  cavity  of  gumea-pi,^s 
death  is  produced  rapidly,  especially  after  passmg  it  throug  i 
two  generations,  so  rapidly  indeed  that  the  animals  often  die 
within  sixteen  hours  (Burdon  Sanderson  and  Klein).  In  a 
these  instances  a viscid  transparent  slightly  but  spontaneously 
coagulable  exudation,  poor  in  white  and  red  corpuscles,  is 
found  in  the  peritoneal  cavity,  and  the  peritoneum  oi  all  parts 
is  highly  intiamed.  Bacilli  are  present  in  it  in  enormous 
numbers,  many  of  them  containing  spores.  The  blood  ot  the 
heart  does  not  contain  bacilli  immediately  alter  death,  but  has 

them  some  hours  after.  ^ i 

The  baciUi  in  question  are  about  0'003  to  0'005  mm.  long 
and  a little  over  0-001  mm.  thick  ; they  are  rounded  at  their 
ends  - they  form  chains  of  two  and  more,  and  these  chains 
are  straight  or  broken.  They  also  form  leptothrix,  straight,  or 
more  commonly  curved.  The  baciUi  have  been  artiticially 
cultivated  by  Pasteur  ^ in  blood-serum  and  in  neutral  solution 
of  Liebig’s  meat  extract.  Gaflky  “ grew  them  on  potatoes  at 
38°  C.  The  artificial  culture  is  capable  of  producing  the 
malignant  oedema,  but  it  is  always  necessary  to  inject  more 
than°minimal  quantities.  The  bacilli  grown  in  fluids  outside 
and  inside  the  body  form  spores  without  free  supply  of  air, 
and  are  therefore  anaerobic  (Pasteur). 


In  human  faecal  matter  there  are  always  present  innumerable  masses  of  bac- 
teria— micrococci,  single  and  in  dumb-bells,  and  in  clumps  of  zooglcea,  bacterium 
termo,  and  various  species  of  bacilli,  varying  in  thickness,  length,  and  in  motility, 
some  being  motile,  others  not.  It  has  been  shown  by  Bienstock  {Ccutrcilbl.  J, 
vied.  Wise.  18S3,  p.  949)  that  a bacillus  can  be  cultivated  from  normal  human 
faeces  which  in  many  respects  resembles  the  bacillus  of  malignant  cedema ; it 
produces  death  in  mice,  but  witliout  the  symptoms  of  malignant  oedema. 

Professor  Rossbach  has  maintained  (Centralblalt  f.  d.  vied.  Wise.  5,  1882)  tliat 
when  a solution  of  papayotin  (the  juice  of  Garica  papaya]  is  injected  into  the 
veins  of  a rabbit,  the  animal  dies,  and  shortly  after  death— even  so  short  a time 
as  fifty  minutes  after  the  injection— tliere  are  found  in  the  blood  large  numbers 
of  bacteria.  Dowdeswell,  however,  states  (Practitioner,  Way,  1883)  that  solu- 
t'ons  of  papayotin  contain  as  a rule  tlie  spores  of  a motile  bacillus  which  in  all 
respects  resembles  bacillus  subtilis  ; in  artificial  cultures  in  10  jicr  cent  solutions 
of  papayotin,  in  blood-serum,  and  in  broth,  these  spores  develop  into  bacilli 
wliich  form  leptothrix  filaments,  and  in  them  spores  soon  make  their  appear- 
ance. Filtered  papayotin  solutions,  wlien  injected  into  tlie  blood  of  rabbits,  kill 
like  unfiltered  ones,  but  neither  during  life  nor  after  tlie  death  of  the  animals 
could  any  organisms  be  detected  in  tiie  blood.  It  apiiears  to  follow  from  tliese 
experiments,  that  papayotin  solutions  contain  spores,  and  that  tliese  spores  are 
tiiiisc  of  a bacillus  subtilis  wliich  does  not  possess  any  specific  pathogenic 
properties. 


(/c)  Bacillus  of  symptomatic  anthrax  (Ger.  Run sch.hr and ; 
Ft  charbon  symptomatique,  Arloing,  Cornevin,  and  Thomas, 
‘ Bull,  de  I' Acad.  1877.  ® Mittheil.  a.  d.  Ic.  Cesundh.  1880. 
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Bull,  de  VAcad.,  1881  ; Eng.  hlach  leg,  quarter- evil).  Tliis 
disease,  which  is  not  uncommon  in  cattle,  generally  ends 
fatally  and  is  very  infectious.  It  is  characterised  by  hcemorr- 
hagic  effusion  (or  “ tumour  ”)  in  the  subcutaneous  and  inter- 
muscular tissues  of  one  or  other,  or  both,  anterior  or  posterior 
extremities,  in  consequence  of  which  the  movements  of  the 
animal  so  affected  become  greatly  impeded.  The  animals 
genially  die  in  the  course  of  the  second  or  third  day  after  in- 
fection. The  subcutaneous  tumour  contains  numerous  baciUi, 
as  do  the  abdominal  and  thoracic  viscera. 

The  bacilli  are  about  the  size  of  those  of  malignant  anthrax 
or  a little  thicker  ; they  are  rounded  at  their  ends  and  often 
include  at  one  end  a bright  oval  spore  ; this  is  also  present  in 
the  bacilli  of  the  parenchymatous  organs  (as  will  be  shown 
below,  this  never  occurs  in  the  bacillus  of  malignant  anthrax). 
The  bacilli  are  either  single  or  form  short  chains.  Some  of 
the  bacilli  are  motile. 

Inoculations  with  them  into  the  subcutaneous  tissue  of 
guinea-pigs,  rabbits,  sheep,  and  calves  always  prove  fatal,  the 
same  subcutaneous  hsemorrhagic  effusions  being  produced. 


Fiq.  72. — Blood  of  a Guinea-pio  dead  of  Symptomatic  Antdrax. 

Blood-corpiisclcs  and  between  them  several  bacilli. 
Magnifying  power  700.  (Stained  with  Spiller’s  purple.) 


Injections  of  small  quantities  of  bacillus-containing  material 
into  the  veins  produces  only  a slight  febrile  disorder  ; large 
doses  produce  death.  Animals  in  which  by  intravenous  in- 
jection of  small  doses  slight  illness  has  been  produced  are 
afterwards  protected  against  the  fatal  dose.  But  minimal 
doses  injected  subcutaneously  also  produce  only  a slight 
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transitory  swelling,  and  the  animal  so  treated  is  afterwards  pro- 
tected against  the  fatal  dose  (Arloing,  Cornevm,  and  Thomas). 
The  spores  of  the  bacilli  when  heated  up  to  85  C.  for  six 
hours  lose  their  virulence  (Arloing,  Cornevm,  and  Thomas). 

(Z)  Bacillus  nr?Z7tracis.— Pollender,!  Brauell,^  Davaine,3  and 
then  Bollinger'*  recognised  in  the  blood  of  animals  dead  of 
malignant  anthrax  the  presence  of  stiff  short  and  long  rods, 
which  Davaine  called  bacteridie  du  charbon.  They  were 
identified  by  Cohn  » as  bacilli  in  morphological  respects  similar 
to  bacillus  subtilis,  except  that  the  bacilli  anthracis  are  non- 

motile.  __  . 1 -IT 

Koch  ® showed  the  ubiquitous  distribution  of  these  bacilli 

in  the  blood  of  the  organs,  and  especially  of  the  spleen.  He 


Fig.  73. — Heart’s  Blood  of  a Mouse  dead  of  anthrax. 

1.  Blood-discs. 

2.  White  blood-corpuscle. 

8.  Bacilli  anthracis. 

Magnifying  power  700.  (Fresh  specimen.) 

succeeded  in  cultivating  these  bacilli  artificially,  taking  a bit 
of  spleen  of  a mouse  (which  animal  is  very  susceptible  to  fatal 
anthrax),  and  watching  the  growth  of  the  bacilli  in  a micro- 
scopic specimen.  He  saw  that  the  rods  multiply  by  division, 
and  that  they  grow  into  long,  homogeneous-looking,  straight 
or  twisted  filaments  in  which  after  some  time,  and  with  free 
access  of  air,  bright  oval  spores  make  their  appearance,  while 
the  filaments  become  homogeneous  and  swollen.  These  spores 
become  free,  and  when  artificially  cultivated  or  injected  into 
a rodent  animal,  germinate  into  the  characteristic  bacilli  ; 

' Viertelj.f.  gericht.  Med.  1855.  ^ Virchow’s  Archiv,  vol.  14,  1858. 

3 Comples  lierxdiis,  Ivii.  1803.  4 Med.  Centralblatt,  June,  1872. 

JJeilr.  2.  Biol.  d.  Pflaiizen,  vol.  ii.  6 Jbid.  vol.  ill. 
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these  elongate  and  divide,  and  in  artificial  cultures  again  grow 
into  the  long  leptothrix  filaments,  which  again  form  spores. 
Koch  1 saw  in  preparations  of  aqueous  humour  kept  at  35°  C.  in 
the  incubator  the  spores  germinating  after  three  to  four  hours. 
The  single  bacilli  as  they  present  themselves  in  the  blood 


Fig.  74. — Part  of  a blood  clot  from  the  heart  of  a Mouse  dead  of  Anthrax. 
Magnifying  power  500.  (Stained  with  Spiller's  purple.) 

measure  between  0'005  and  0‘02  mm.  in  length,  and  O'OOl  to 
0'0012  in  thickness;  they  are  truncated.^  The  spores  pro- 
duced by  growing  the  bacilli  mth  free  access  of  air  are  about 
O'OOl  mm.  thick,  and  about  0'002  to  0'003  mm.  long.  They 
are  not  stained  by  dyes  and  differ  herein  from  the  bacilli. 


In  the  human  subject  malignant  anthrax  occurs  as  “ woolsorter's  disease”  ; 
for  the  aetiology  and  pathology  of  this  malady  see  Spears  (Report  of  the  Medical 
Officer  of  the  Local  Government  Board,  ISSl  and  1SS2)  and  Greenfield  (ibid.  18S1). 

All  rodents  and  herbivorous  animals  are  susceptible  to  anthrax ; rats  are, 
however,  infected  with  difificulty,  pigs  are  very  insusceptible,  and  so  are  dogs 
and  cats.  Infection  of  animals  can  be  produced  by  inoculation  into  the  skin 
and  subcutaneous  tissue,  intravascular  injections,  and  by  inhalation  of  spores 
(Buchner,  Untersuchungen  iiber  niedere  Pilze,  by  Prof.  v.  Niigeb,  1882,  p.  178). 
In  woolsorter’s  disease  the  usual  mode  of  infection  is  by  inhalation  of  spores 
adhering  to  the  wool  of  the  fleeces  of  animals  (sheep,  goats)  dead  of  anthrax.  As 
in  rodents  infected  with  antlirax,  so  also  in  man,  the  blood-vessels  of  all  organs 
contain  the  bacilli,  and  extravasations  of  the  infected  blood  are  frequent  in  many 
parts  of  tlie  body.  The  presence  of  bacilli  in  the  extravasations  into  the  mucous 
membrane  of  the  trachea  and  bronchi  does  not  necessarily  mean  that  these  parts 
represent  the  points  of  entrance  of  the  bacilli  into  the  system,  ns  Greenfield 
seems  to  regard  as  self-evident  (Reports  of  the  Medical  Officer  of  the  Local 
Government  Board,  1881).  As  a matter  of  fact  I find  in  every  lung  of  mouse, 
rabbit,  and  guinea-pig,  dead  after  subcutaneous  inoculation  with  anthrax, 
bacilli  anthracis  in  the  alveolar  cavities  and  in  the  smaller  and  larger  bronchi. 
Ingestion  of  bacillar  material  is  sometimes  followed  by  anthrax,  but  in 


' Beitr.  z.  Biol.  d.  Pflanzen,  vol.  ii.  part  ii.  p.  288. 

® It  is  generally  assumed  that  the  bacilli  are  the  same  in  all  animals  affecteii 
with  splenic  fever,  but  this  is  most  undoubtedly  not  the  case,  ns  has  been  already 
l>ointed  out  by  Huber  (Deutsche  med.  IVoch.  1881) : the  bacilli  of  the  guinea-pig 
are  thicker  than  those  of  the  mouse  or  sheep,  and  these  again  are  thicker  than 
those  in  the  rabbit. 
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these  cases  abrasions  in  the  mucous  membrane  of  the  mouth,  pharynx,  or 
cut  may  have  been  the  real  place  of  entrance.  Mice  fed  with  anthrax  material 
do  not  become  infected  (Klein,  ibid  18S1).  But  the  reported  cases  of  intestinal 
mycosis  (see  for  the  literature  of  this  subject,  Kocli,  “ jEtiologie  d.  Milzbraudes, 
Mittheil.  a.  d.  k.  Gesundheitsamte.  1S81,)  seem  nevertheless  to  mdicate  that  such 
a mode  of  infection,  namely,  by  the  alimentary  canal,  is  not  excluded.  Compare 
also  Falk,  Virchow's  Archiv,  vol.  xciii. 


Eodents  inoculated  with  the  bacillus  of  the  blood  or  spleen 
of  an  animal  dead  of  anthrax,  or  with  the  bacilliis  or  spores 
of  an  artificial  culture,  die  generally  within  forty-eight  hours  ; 
in  some  instances  in  twenty-four  to  thirty  hours,  in  other 
exceptional  instances  after  forty-eight  to  sixty  hours.  The 


Fiq.  75.— Fkom  a Freparation  op  Heart’s  Blood  op  a GoiNEA-rio  dead 

OF  Anthrax. 

1.  Bed  blood-discs. 

2.  Wliite  corpuscle. 

3.  Bacilli  anthraeis. 

Magnifying  power  700.  (Stained  with  Spiller’s  purple.) 


blood  in  all  instances  contains  the  bacilli,  the  spleen  is  large- 
and  full  of  bacilli,  and  so  are  the  blood-vessels  of  most  other 
organs,  the  exudations,  and  the  urine.  In  the  placenta  of  a 
pregnant  guinea-pig  dead  in  consequence  of  inoculated  anthrax, 
I have  seen  that  the  bacilli  keep  strictly  as  a rule  within  the 
maternal  blood-vessels,  and  are  wholly  absent  in  the  blood  of 
the  vessels  of  the  foetus.  Subcutaneous  inoculation  or  injec- 
tion into  the  cutis  of  the  minutest  quantity  of  bacillus-con- 
taining material  (blood  or  artificial  culture)  invariably  produces 
death.  Subcutaneous  injection  of  bacillus-containing  material 
in  the  guinea-pig  almost  always  produces  a characteristic 
oedema,  spreading  sometimes  over  a large  area.  The  oedematous 
fluid  is  clear  and  contains  only  a few  bacilli. 
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Archangelskl  (CentralblaU  f.  d.  mcd.  Wiss,  1888,  p.  257)  claims  to  have 
ascertained  that  if  an  animal  'je  inoculated  with  antlirax,  many  hours  before  tlie 
bacilli  appear  in  the  blood,  there  are  present  numbers  of  spores.  Just  before 
dentil  they  nil  become  ciinnged  into  tiie  bacilli.  He  further  maintains  that 
those  spores  taken  from  the  blood  can  be  shown  to  multiply  by  division,  and 
witliout  changing  into  bacilli,  by  cultivating  them  artificially  with  exclusion  of 
oxygen.  I have  shown,  however  (Beports  of  the  Medical  Officer  of  the  Local 
Government  Board  for  1883),  that  none  of  these  assertions  me  borne  out  by 
actual  observation,  and  that  they  oi’e  erroneous. 


Any  fluid  containing  proteid  material  is  a suitable  nutrient 
medium  for  the  bacilli ; they  grow  abundantly  at  all  tem- 
perature.s  between  15°  and  43°  C.,  best  between  25°  and  40°  C. 
They  elongate  and  divide  rapidly,  and  the  bacilli  grow  out 
into  long  curved  and  peculiarly  twisted  filaments  which  often 
form  bundles,  the  individual  filaments  being  twisted  round 
one  another  like  the  strands  of  a cable. 

The  bacillus  anthracis  grows  best  in  neutral  fluids,  but  to  a 
limited  extent  also  in  acid  or  alkaline  fluids  containing  proteid 


Fio.  76. — From  an  Artificial  Culture  op  Bacillus  Anthracis. 
Convolutions  of  threads,  each  composed  of  bacilli. 
Magnifying  power  300.  (Stained  with  Spiller’s  purple.) 


material.  When  growing  in  neutral  nourishing  fluids,  it  forms 
on  the  bottom  of  the  fluid  characteristic  fluffy  whitish  masses, 
which  are  convolutions  of  the  characteristic  filaments.  These 
appear  homogeneous  in  the  fresh  state,  their  ends  being  slightly 


109 


XI.]  BACILLUS  : PATHOGENIC  FORMS. 

tliicker  and  rounded.  Examined  m preparations  made  after 
the  Weigert-Koch  method  {i.e.  drying  of  a thin  layer  and 
.staining  it  'uith  anilin  dyes,  washing  in  water,  then  in  spirit, 
then  again  in  distilled  water,  and  then  drying  and  mounting 
in  Canada-balsam  solution),  all  the  bacilli  and  their  filaments 
are  seen  to  be  composed  of  a thin  hyaline  sheath,  and  in  tMs 
is  a row  of  cubical  or  rod-shaped  masses  of  protoplasm  taking 
the  dye  very  readily.  According  to  the  length  of  the  bacilli 
the  number  of  these  elementary  masses  of  protoplasm  varies. 
Some  of  the  rod-shaped  elements  appear  constricted  in  the 
middle,  preparatory  to  division.  Between  each  two  elements 
is  a fine  septum. 


Fic.  77.— FnoM  an  Artificial  Cultcrf.  ok  Bacillus  Antiiracis,  carrifd 
ON  AT  Orpinary  Temperature  and  on  Solid  (Gelatine)  Material. 
Torula-Form. 


Bacilli  anthracis  when  growdng  at  ordinary  temperatures  on 
a solid  medium  {e.g.  a mixture  of  gelatine  and  broth,  or  Agar- 
Agar  and  peptone)  show  a very  peculiar  modification,  inasmuch 
as  some  of  the  elements  assume  a spherical  or  oval  shape,  a 


V 


Magnifying  power  450.  (Stained  with  Spiller’s  purple.) 
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tnrula-form,  and  as  such  they  multiply  by  gemmation  and 
division,  and  form  clusters*"  or  arrange  themselves  in  chains. 
By  and  by  each  of  these  spherical  elements  elongates  into  a 
rod,  and  when  all  elements  have  undergone  this  change  we 
have  the  typical  smooth  filament  of  the  leptothrix-form.  Some 
of  the  elements  in  such  a filament  remain  for  a long  time  of  a 
spherical  shape,  and  are  much  larger,  looking  like  the  sporan- 
gium of  a nostoc-alga.  The  most  interesting  forms  are  those 
where  an  ordinary  smooth  filament  of  anthrax-bacillus  at  its 
growing  ends  shows  itself  to  he  composed  of  a chain  of  torula- 
elements.  Such  torula-forms  occur  also  in  ordinary  cultiva- 
tions in  fluid  media  at  temperatures  of  20°  to  30°  C.,  but  not 
by  any  means  so  often  as  at  ordinary  temperatures  and  in  a 
solid  medium.  These  torula-cells  are  about  0"0013  to  0’0026 
mm.  in  diameter.  The  torula-forms  are  very  virulent,  hut  in 
an  animal  always  assume  the  ordinary  shape  of  the  typical 
bacillus.^ 

As  has  been  mentioned  in  treating  of  pigment  bacilli,  such  a 
torula-form  has  been  also  observed  by  Neelsen  in  the  bacillus 
that  causes  the  colour  of  “ blue  milk  ; ” and  Zopf ' has  observed 
it  also  in  cladothrix  dichotoma. 

I have  also  observed  this  torula-modification  in  the  filaments 
of  septic  bacilli,  in  a bacillus  that  I found  growing  accidentally 
in  pork-hroth.  The  bacillus  had  the  same  morphological 
characters  as  the  bacillus  siibtilis  of  hay-infusion,  and  also 
formed  a pellicle  composed  of  filaments.  In  some  of  the  fila- 
ments the  large  torula-like  cells  could  be  seen  here  and  there 
interposed  between  ciibical  and  cylindrical  cells. 

On  inoculating  fluid  media  {e.g.  broth  of  any  kind  or  pep- 
tone fluid)  with  the  bacilli  anthracis,  either  those  of  the  blood 
or  of  the  spleen  .of  an  animal  dead  of  anthrax,  and  shaking 
the  fluid  so  as  to  distribute  the  bacilli  uniformly  through  the 
fluid  and  exposing  this  to  a temperature  of  from  25°  to  4o°  C., 
it  will  be  noticed  that  after  twenty-four  to  forty-eight  hours’ 
incubation  the  fluid  is  uniformly  turbid,  owing  to  the  rapid 
multiplication  of  the  bacilli.  These  are  shorter  or  longer 
typical  anthrax -bacilli.  But  as  incubation  proceeds  all  the 
bacilli  grow  into  filaments,  and  these  being  heavier  sink  to  the 
bottom  of  the  fluid  and  form  the  characteristic  Avhitish  fluffy 
convolutions.  But  on  inoculating  dilute  broth,  care  being 
taken  that  the  inoculating  material,  whether  consisting  of 
blood-bacilli,  bacilli  of  a culture,  or  spores  of  culture-bacilli, 
is  deposited  at  once  on  the  bottom  of  the  fluid,  and  this  is  not 

^ Klein,  Quart.  Journ.  ofMicrosc  Science,  April,  1883. 

* Zur  Morphologic  d.  Spnltpjianzen,  ii.  and  Die  Spaltpilze,  Breslau,  1883. 
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shaken  up,  it  will  be  noticed  on  incubation  that  the  fluid  remains 
limpid.  All  the  growth,  in  the  shape  of  the  flufi'y  whitish 
masses,  takes  place  at  the  bottom. 

After  a few  days’  incubation,  no  matter  what  the  tempera- 
ture is,  many  of  the  bacilli  and  their  leptothrix-filaments 
show  signs  of  degeneration,  consisting  in  the  granular  disin- 
tegration and  absorption  of  the  protoplasmic  contents  of  the 


Fia.-’TS.— From  a PBF.rARATinN  of  the  Bt.ood  of  Sflee:!  of  a Guinea-pio 

HEAD  OF  AKTHBAX. 

1.  White  blood-corpuscle. 

2.  Bed  blood-discs,  shrunken. 

S.  Chains  of  bacillus  antliracis. 

4.  Degenerating  bacilli,  the  sheath  only  being  preserved. 

Magnifying  power  700.  (The  preparation  has  been  stained  with  gentian-violet.) 


bacilli  and  their  filaments,  at  fir.st  only  here  .and  there,  but 
by  and  by  over  longer  pieces.  Such  bacilli  and  leptothrix- 
filaments  appe.ar  in  such  places  as  if  empty.  This  is  also 
noticed  in  the  bacilli  of  the  blood  and  spleen  of  an  animal 
inoculated  with  .anthrax  even  at  the  point  of  death  or  soon 
after  death,  if  the  number  of  bacilli  is  great. 

Another  form  of  degener.ation  consists  in  the  filaments 
of  bacilli  becoming  much  curled  and  swollen,  and"  finally 
disintegrated  into  an  .amorphous  ddbris. 

As  long  as  the  bacilli  grow  in  the  depth  of  a fluid  they 
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never  form  spores,  but  when  grown  on  the  surface  with  free 
access  of  air,  or  on  solid  media  (e.g.  serum  gelatine,  gelatine 
broth,  Agar-Agar,  potato,  &c.),  the  bacilli,  having  developed 
into  filaments,  proceed  to  form  spores.  But  they  may  form 
s])ores  even  in  fluid  media  if  by  some  accident,  either  by 


Fig.  79 — From  an  Artificial  Culture  of  BaciluisAnthraci.s  in  Broth 

AFTER  MANY  DAYS  INCUBATION. 

Tlie  threads  are  swollen  and  curled  up,  and  in  many  places  the  protoplasm  has 
disappeared,  leaving  the  sheath  and  septa  distinct. 

Magnifying  power  700.  (Stained  with  Spiller’s  purple.) 

sticking  to  the  glass  vessel  containing  the  fluid  or  by  means 
of  a cotton-wool  fibre,  some  of  the  hacilli  remain  on  the 
surface  of  the  fluid.  This  formation  of  spores  is  not  due  to 
exhaustion  of  the  nourishing  medium,  as  is  maintained  by 
Buchner — it  has,  in  fact,  nothing  to  do  with  it — but  represents 
the  last  stage  in  the  life-history  of  the  bacilli,  provided  they 
have  an  ample  supply  of  oxygen.  If  this  latter  condition  is 
not  fulfilled,  as  when  they  are  grown  at  the  bottom  of  a fluid, 
the  bacilli  gradually  degenerate  as  mentioned  above. 

Spore-formation  occurs,  ccetenK  imrihus,  at  all  temperatures 
betv'een  18°  and  45°  C.  Koch  found  15°  C.  the  lower  limit. 
Pasteur  states  that  in  a nutrient  medium  exposed  to  a tem- 
perature of  42°  to  43°  C.  the  bacilli  are  not  capable  of  forniing 
spores  ; but  this  is  not  correct,  for  when  the  bacilli  are 
growing  on  the  surface  of  the  nutrient  medium,  they  form 
spores  even  at  a temperature  of  44°  to  45°  C.,  as  I have  con- 
clusively shown  by  growing  them  on  Agar-Agar  and  peptone 
mixture.  The  spore-formation  consists  in  the  appearance  of 
a bright  glistening  spherical  body  in  the  protoplasm  of  an 
elementary  mass  or  cell ; this  body  gradually  enlarges  till  it 
reaches  its  full  size,  becoming  at  the  same  time  oval.  The 
bacilli  at  these  points  are  thicker  than  where  no  spore- 
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formation  has  set  in.  Under  the  most  favourable  conditions, 
each  cubical  or  rod-shaped  mass  of  protoplasm  includes  one 
spore,  in  which  case  the  bacillar  filament  contains  an  almost  un- 
broken row  of  spores  ; but  in  other  cases  only  an  elementary 
mass  here  and  there  contains  a spore,  the  rest  breaking  down 
and  becoming  absorbed.  In  the  first  case  also,  the  protoplasm 
of  the  elements  almost  entirely  disappears,  the  sheath  swelling 
up  and  becoming  hyaline,  and  only  the  bright  spores  remain- 
ing. Their  linear  arrangement,  however,  still  indicates  that 
tliey  were  formerly  contained  in  one  filament. 


Magnifying  power  700.  (Stained  with  Spider’s  purple.) 


If  bacilli  grow  in  the  depth  of  a fluid  medium,  they  do  not 
form  spores,  as  has  been  stated  above  ; and  as  we  have  also 
seen,  as  new  bacilli  appear,  or  the  old  filaments  inci-ease  in 
length,  degeneration  sets  in.  This  degeneration  gradually 
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affects  greater  and  {greater  numbers,  and  when  the  fluid  is 
exhausted  for  the  lormation  of  new  bacilli,  it  necessarily 
follows  that  the  whole  growth  gradually  becomes  involved  in 
the  process  of  degeneration,  the  whole  mass  becoming  smaller, 
and  finally  only  debris  is  left.  Such  cultures,  namely,  those 
in  which  the  degeneration  involves  the  whole  mass  of  the 
bacilli,  are- quite  innocuous  when  inoculated  iuto  animals,  or 
into  fresh  nourishing  media.  But  as  long  as  there  are  any 
good  protoplasmic  elements  of  the  bacilli  left,  the  culture  is 
virulent  to  rodents,  with  the  exception  of  mice,  as  will  be 
stated  presently  ; and  it  is  capable,  when  transferred  to  new 
suitable  nourishing  media,  of  starting  new  cultures  that  prove 
virulent  to  all  rodents  and  sheep. 

The  same  holds  good  of  the  bacilli  in  the  blood  and  organs 
of  an  animal  dead  of  anthrax,  provided  the  animal  be  not 
opened,  and  its  organs,  exudations,  or  urine  be  not  exposed  to 
the  free  air  ; for  the  bacilli  not  exposed  to  the  air  gradually 
degenerate,  and  the  blood  and  organs  of  such  an  animal, 
although  at  first  deadly  poison  to  other  susceptible  animals, 
become  at  length  quite  innocuous.  Systematic  observation  has 
shown  me  that  small  animals,  such  as  mice  and  guinea-pigs, 
when  kept  unopened  or  buried  in  earth,  become  quite  innocu- 
ous after  five  to  eight  days,  the  anthrax-bacilli  having  by  this 
time,  by  degeneration,  altogether  disappeared  from  the  blood, 
spleen,  and  other  organs.  Pasteur’s  statement  that  in  animals 
dead  of  anthrax  and  buried,  the  bacilli  form  spores,  that  these 
spores  are  taken  up  by  earthworms  and  carried  to  the  surface 
of  the  soil,  wliere  they  are  deposited  with  their  castings  and 
tlnrs  are  capable  of  infecting  animals  grazing  or  sojourning  on 
this  soil,  is  not  borne  out  bj"  tlie  above  observations.  And 
further,  Koch  has  proved  i by  direct  experiment  that  spores  of 
anthrax-bacilli,  when  mixed  with  earth  in  which  worms  are 
present,  are  not  taken  up  Ijy  tliese  creatures. 

Drying  bacilli  of  the  blood  or  of  a culture  in  a thin  layer 
invariably  kills  them,  but  the  spores  remain  unaffected. 

The  bacilli  of  the  blood  of  a rodent  dead  of  anthrax  are 
always  thinner  than  the  bacilli  cultivated  in  a neutral  fluid 
medium  like  pork-broth. 

Cultivation  of  the  blood-bacilli  at  temperatures  varying 
between  20°  and  40°  C.  in  any  suitable  nourishing  material, 
solid  or  fluid,  however  many  transferences  (new  cultivations, 
or  so-called  new  generations)  be  made,  always  yields  a crop  of 
virulent  bacilli.  It  is  absolutely  incorrect  to  say,  as  Buchner^ 

* MHtheil.  a.  d.  k.  Oesnndheilsavitej  1881. 

* Uebcr  d.  Ergeug.  des  MiUbrandeSf  Munich,  18S0. 
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and  Greenfield  ^ maintain,  that  continued  transference  weakens 
the  action  of  the  bacilli ; as  long  as  the  cultures  remain  pure, 
not  contaminated  and  finally  suppressed  by  accidental  in- 
nocuous bacilli,  the  anthrax-bacilli  retain  their  full  virulence. 


Fia.  81. — Network  op  Capillaries  filled  with  Bacillus  ahthracis  ; from 
THE  Omentum  ok  a Babbit  dead  of  Anthrax. 

1.  Extravasation  of  the  bacilli. 

2.  Capillaries  filled  with  the  bacilli. 

Magnifying  power  350. 

Cultures  of  the  blood-bacilli  at  20°  to  38°  C.  in  fluid  media, 
e.g.  neutral  pork-broth,  during  the  first  or  second  week, 
are  virulent  to  mice,  guinea-pigs,  and  rabbits ; but  after 
that  they  lose  their  power  on  mice,  provided  the  growth 
takes  place  only  in  the  depth,  and  no  spores  are  formed ; but 
they  retain  it,  as  regards  guinea-pigs  and  rabbits,  as  long  as 
' Proceedings  of  the  Royal  Society,  June  17,  1680. 
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they  contain  good  bacilli  at  all.i  But  fre.sh  cultures  made  of 
such  bacilli  invariably  produce  a growth  which  is  fatal  to  all 
rodents  during  the  first  or  second  week. 

Pasteur  has  stated  that  blood-bacHli  which  have  become 
attenuated  in  virulence  by  exposure  to  42°  to  43°  C.  for 
twenty  days  are  capable  of  starting  new  cultures  of  attenuated 
virus.  This,  I question,  for  I find  that  such  a culture  starts 
new  cultures  of  viiulent  bacilli ; in  the  same  way  the  bacilli 
of  a culture  that  is  only  “ vaccine  ” for  sheep,  when  it  is 
inoculated  into  a guinea-pig  kills  it  with  anthrax,  and  then 
yields  bacilli  that  are  fatal  to'  sheep. 

Blood-bacilli  exposed  to  a temperature  of  55°  C.  or  to  a 
solution  of  4 to  1 per  cent,  of  carbolic  acid,  lose  their  virulence 
(Toussaint).  Chauveau  found  that  exposure  to  a temperature 
of  52°  C.  for  fifteen  minutes,  or  of  50°  C.  for  twenty  minutes, 
destroys  the  virulence  of  the  blood-bacilli.  Pasteur  ^ ascer- 
tained that  by  cultivating  blood-bacilli  in  chicken-broth  at 
42°— 43°  C.  they  lose  their  virulence  after  twenty  days'  culti- 
vation, not  as  Pasteur  thinks  owing  to  the  action  of  oxygen, 
but  owing  to  the  high  temperature  ; and  Avhen  such  bacilli 
are  injected  into  sheep  and  cattle  they  do  not  kill  though  they 
induce  sometimes  a slight  illness.  After  this  illness  has 
passed  off,  the  animals  are  protected  against  virulent  anthrax. 
But  with  reference  to  this  ‘‘  vaccination,”  it  must  be  borne 
in  mind  that  twenty  days’  cultivation  of  blood-bacilli  at 
42°— 43°  C.  does  not  always  yield  attenuated  virus,^  and  also 
that  sheep  and  cattle  not  killed  by  inoculation  of  attenuated 
virus  produced  by  Pasteur’s  method  •*  or  by  other  means  (see 
below),  although  they  are  protected  against  virulent  anthrax, 
remain  so  only  for  a limited  time,  probably  about  nine 
months. 

In  all  these  experiments  with  the  anthrax -bacillus  it  is 
necessary  to  bear  in  mind  that  by  passing  the  bacilli  through 
different  species  of  animals  they  become  endowed  with 
different  qualities,  and  that  bacilli  which  are  fatal  to  some 
are  not  fatal  to  all  animals.  While,  for  instance,  the  blood- 
bacillus  of  sheep  or  cattle  dead  of  anthrax  invariably  produces 
death  when  inoculated  into  sheep  or  cattle,  after  passing 

“ Klein,  Reports  of  the  Medical  Officer  of  the  Local  Governmeiit  Board,  ISSl. 

® Coiii2>tes  Rendvf,  1881 ; Transactions  of  the  International  Medical  Congress 
in  London,  1881,  vol.  i. 

3 Klein,  Reports  of  the  Medical  Officer  of  the  Local  Government  Board,  1882. 

“t  Pasteur  thinks  that  sucli  cultures  remain  free  nf  spores  because  of  the  tem- 
perature of  42°—4a°  C. : but  this  is  not  so,  as  has  been  jiointifl  out  above ; the 
statement  only  hclds  good  so  long  as  the  bacilli  are  prevented  from  growing  on 
the  surface. 
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through  white  mice  ^ it  loses  this  virulence  for  sheep  and 
cattle.  The  blood  of  white  mice  dead  of  anthrax  does  not 
kill  sheep  ; it  produces  only  a transitory  illness  and  the 
animals  are,  for  a time  at  least,  protected  against  virulent 


Fio.  82. — From  a Section  through  the  Kidney  of  a E.uibit  dead  op 

Anthrax. 

The  capillaries  of  the  cortex  are  naturally  injected  with  the  Bacillus  anthraois. 

1.  A glomernliis. 

2.  Capillaries  surrounding  the  convoluted  uriniferous  tubules  not  shown  here. 

Magnifying  power  450.  (Spiller’s  piu’plo.) 

anthrax.  The  blood  of  guinea-pigs  dead  of  anthrax  produces 
illness,  sometimes  death,  in  cattle,  but  as  a rule  does  not  kill 
(Sanderson  and  Duguid),  and  the  blood  of  the  biscachia  of 
' Klein,  Reports  of  the  Medical  Officer  of  the  Local  Government  Board,  1882. 
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bouth  America  does  not  kill  cattle,  wliile  it  gives  them  a 
transitory  illness,  and  after  this  immunity  for  a time.^  Again, 
Pasteur’s  “ vaccine,”  which  as  a rule  (but  not  without  excep- 
tion) does  not  kill  sheep  or  cattle,  is  fatal  to  rodents.^  From 
all  tins  it  follows  that  as  regards  virulence  the  bacilli  an- 
thracis  differ  in  the  different  species  of  animals,  and  in  them 
acquire  different  qualities.  A culture  that  does  not  kill  mice, 
such  as  an  artificial  culture  ol  blood-bacillus  after  one  or  two 
weeks’  incubation  at  20°— 35°  C.,  or  a culture  that  for  other 
reasons,  as  when  attenuated  by  heat  or  antiseptics,  does  not 
produce  fatal  anthrax  in  guinea-pigs,  fails  to  give  to  these 
animals  any  immunity  whatever.  Rodents,  so  far  as  my  ex- 
perience goes,  either  die  of  inoculation  with  anthrax-bacilli  or 
they  do  not  die ; but  they  cannot  be  provided  with  immunity 
by  any  attenuated  virus. 

Koch  3 maintaius  that  in  neutral  chicken-broth  the  bacilli 
grow'ing  at  42°  C.  lose  their  virulence  in  thirty  days,  and  at 
43°  C.  in  six  days,  first  for  rabbits,  then  for  guinea-pigs,  and 
lastly  for  mice.  I am  quite  sure  from  my  own  observations, 
that  these  results  are  not  uniformly  obtained,  since  I have  seen 
anthrax-bacilli  very  virulent  both  for  rabbits  and  guinea-pigs 
even  after  growing  for  thirty-six  days  at  42°'5  C. 

Bacillus  anthracis  is  capable,  as  we  have  seen,  of  growing 
well  outside  the  body,  and,  when  well  supplied  with  oxygen 
from  the  air,  of  forming  spores  which  represent  the  permanent 
seeds.  Thus  if  animals,  such  as  sheep  and  cattle,  die  of  an- 
thrax in  a field,  the  bacilli  of  the  effusions  from  such  animals 
{e.g.  urine,  blood,  effluvia  from  the  mouth  and  nostrils)  always 
contain  numbers  of  the  bacilli,  and  these  will  be  able  to  grow 
indefinitely  on  the  surface  of  the  soil,  there  being  alw'ays 
present  a large  amount  of  suitable  nourishing  material,  like 
vegetable  and  animal  decaying  matter,  and  as  free  access  of 
air  is  always  insured  they  will  eventually  form  spores.  Such 
soils,  owing  to  the  presence  of  these  spores,  wdll  rejuain  a 
permanent  source  of  infection  to  sheep  and  cattle  sojourning 
on  them  (Koch). 

(m)  Bacillus  tuberculosis  (Koch). — In  all  cases  of  tubercu- 
losis in  man,  cattle  (Perlsucht)  and  monkeys,  of  tuberculosis 


‘ Roy,  Nature,  December,  18S3. 

2 Klein,  Reports  of  the  Medical  Officer  of  the  Local  Oovernment  Board,  18S2. 
Similar  results  have  been  obtained  by  Gatlky  (Mittheil.  a.  d.  k.  Oesundheitsamte, 
1882). 

3 Ueber  d.  Milzhrandimpfung,  1882. 

Spores  of  bacillus  anthracis  stand  heating  to  100°  C.  in  the  dry  state  for  over 
an  hour  without  being  killed  ; in  the  moist  state,  e.g.  exposed  to  steam  at  100° 
C.,  they  ai-e  killed  after  15  minutes'  exposure  (Koch). 
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artificially  produced  (by  inoculation  with  huinan  or  bovine 
tuberculous  matter)  in  cats,  gumea-pigs,  rabbits,  and  rats, 
and  in  spontaneous  tuberculosis  in  birds  (hens),  Roch 
found  in  the  fresh  state,  and  particularly  after  staining  wi 
methylene-blue  and  vesuvin,  peculiar  fine  bacilli,  some  ^vith 
bright  oval  spores,  some  without,  some  smooth  and  Immogene- 
ous°-looking,  others  more  of  a beaded  appearance.  One  cubic 
centimetre  of  a concentrated  alcoholic  solution  of  methylene- 
blue  is  mixed  with  200  ccm.  of  distilled  water ; to  this  are 
added  two  ccm.  of  a ten  per  cent,  solution  of  caustic  potash, 
in  this  solution  the  fresh  or  hardened  sections  or  particles  of 
tubercles  are  kept  for  half  an  hour  if  heated  up  to  40  C.,  or 


jia.  83. From  a Preparation  op  Human  Tubercui.ous  Sputum,  stained 

*■  ' ’ APTEH  THE  EhRLIOH-WEIGERT  METHOD. 

The  nuclei  are  stained  blue,  the  tubercle-bacilli  pink.  Magnifying  power  700. 


for  twenty-four  hours  if  not  heated.^  After  this  the  prepara- 
tion is  stained  for  two  minutes  in  a filtered  concentrated 
watery  solution  of  vesuvin,  then  washed  in  distilled  ^water. 
On  examination  with  a xV  oil-immersion  lens  and  Abbd’s  con- 
denser, it  will  be  found  that  all  the  elements  are  stained 
brown’with  vesuvin  except  the  bacilli,  which  are  blue.  A still 
more  successful  and  more  delicate  reaction  is  shown  by  the 

' Berliner  klin.  Wochenschrift^  xv.  1882. 


120 


MICRO-ORGANISMS  AND  DISEASE,  [chap. 

bacilli  if  the  preparation  is  stained  after  Ehrlich’s  method 
About  5 ccm.  of  pure  anilin  (anilin  oil)  are  u'ell  mixed  with' 
100  ccm  of  distilled  water  and  filtered  ; to  this  is  added  a 
saturated  alcoholic  solution  of  fuchsin,  and  with  this  the  pre- 
paration  is  stained  for  a quarter  to  half  an  hour.  It  is  then 
washed  for  a few  seconds  in  a mixture  of  one  part  of  nitric 
acid  and  two  pax’ts  of  water,  and  then  is  well  washed  in 
distilled  water.  The  preparation  when  now  examined 
shows  no  trace  of  colour  except  in  the  tubercle-bacilli,  which 
retain  the  red  colour  of  the  fuchsin.  The  tissue  may  now  be 
stained  eillier  with  vesuvin  or  methylene-blue,  which  makes 
Die  groundwork  brown  or  blue,  but  the  bacilli  remain  red. 
This  reaction  after  washing  with  nitric  acid  is  exceedingly 
delicate,  and  is  perfectly  characteristic  and  trustworthy,  as  all 
phtrefactive  organisms  become  discoloured  by  the  washing 
with  nitric  acid,  the  tubercle-bacilli  only  retaining  the  colour. 
Tliere  are  other  methods  which  are  very  good  ; those  of  Wei- 
gert  and  of  Gibbes  i are  very  quick  and  trustworthy  in  their 
action. 

_ Weigert  has  devised  a staining  fluid  which  gives  very  beau- 
tiful results  and  is  very  useful  for  staining  sections,  fresh  or 
hardened  ; it  is  as  follows  : — Take  of  a two  per  cent,  watery 
solution  of  gentian- violet  12  ccm.,  and  of  a saturated  watery 
solution  of  anilin  oil  100  ccm.  Mix.  This  is  used  like  an 
ordinary  staining-fliiid  for  the  first  stain.  For  the  second  or 
contrast  stain  the  following  solution  is  used  : — 

Bismarck  brown  . . . . .1  gramme. 

Spiritus  vini  rectificati  (sp.  gr.  -830)  . 10  ccm. ' ’ 

Distilled  water 100  ccm. 

The  sections  remain  in  a few  drops  of  this  solution  for  fifteen 
minutes.  This  method  yields  the  finest  specimens  of  tubercle- 
bacilli  in  sections  through  tuberculous  growths  that  I have 
seen  ; unfortunately  the  colour  of  the  bacilli  is  very  liable 
to  fade. 

In  the  case  of  tuberculous  sputum,  or  similar  matter,  a 
small  droplet  or  particle  is  spread  out  in  a thin  layer  on  the 
cover-glass,  well  dried  by  passing  it  over  the  gas-flame  of  a 
Bunsen  burner,  and  then  stained  in  the  way  described  in 
Chapter  I.  Sections  of  tubercles,  fresh  or  hardened,  are 
stained  without  first  drying. 

In  all  cases  of  human  tuberculosis,  particularly  in  the  spu- 
tum, in  caseating  scrofulous  glands,  in  bovine  tubercles,  in 
artificially-induced  tubercles  and  caseating  glands  of  rodents, 

' Lancet,  August  5,  1SS3. 
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the  tubercle-bacilli  have  been  shown  to  exist.  They  are  most 
numerously  found  in  the  caseous  masses  in  the  lung  found  in 


Fig.  84. — From  a Preparation  of  Caseou.s  Matter  from  Pui.monart 
Deposits  in  Bovine  Tuberculosis,  stained  as  in  preceding  Figure. 

Magnifying  power  700. 


Fig.  85. — From  a Section  through  Tuberculous  Deposits  in  the  Lung 

OF  A Cow. 

Two  giant-cells  and  two  small  cells  containing  tuliercle-bacUli. 
Magnifying  power  700. 


bovine  tuberculosis.  Here  Koch  found  them  not  onl  y scattered 
through  the  caseous  masses,  but  also  in  the  well-known  giant- 
cells  ; in  some  cases  they  form  a more  or  less  regular  zone  in 
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the  peripheral  portion  of  the  cell.  But  according  to  Koch  the 
hadlli  by  and  by  disappear  again  from  the  giant-cells. 

The  bacilli  do  not  show  any  motility  and  often  include 
spores ; they  are  thus  capable  of  forming  spores  within  the 
body.^  Owing  to  these  spores,  human  phthisical  sputum  re- 
tains its  virulence  even  alter  drying  for  considerable  periods. 
Koch  cultivated  the  bacilli  artificially,  i.e.  outside  the  body, 
and  by  carrying  on  the  cultivation  for  several  successive  trans- 
missions succeeded  in  isolating  and  clearing  them  from  the 
tuberculous  tissue.  These  pure  bacilli,  no  matter  how  many 
times  they  have  been  transferred,  no  matter  how  far  removed 
from  their  original  breeding-ground,  alwa}'s  produced  the  cha- 
racteristic disease  when  inoculated  into  suitable  animals.  The 
cultivation  succeeded  equally  with  material  derived  from 
human  tubercles,  from  bovine  tubercles,  and  from  the  artifici- 
ally-induced tuberculosis  of  guinea-pigs.  The  bacilli  grow 
well  at  a temperature  varying  between  SY’-"  and  39°  C.  in  solid 
serum,  Agar-Agar  peptone  mixture,  and  solidified  hydrocele 
fluid. ^ (See  Chapter  II.)  An  incision  is  made  into  a tubercle 
with  clean  (overheated)  scissors,  and  a particle  of  a tubercle  is 
taken  up  with  the  point  of  a clean  (overheated)  needle  and 
deposited  on  the  top  of  one  of  these  sterile  solid  media  kept 
in  a test-tube  plugged  with  sterile  cotton-wool.  After  keeping 
it  for  ten  days  to  a fortnight  in  the  incubator  at  37°— 39°  C. 
the  first  traces  of  growth  make  their  appearance  in  the  shape  of 
small  dry  whitish  scales,  which  gradually  increase  in  size  until 
they  coalesce.  These  scales  are  made  up  of  the  typical  tubercle- 
bacilli  lying  closely  side  by  side  ; some  of  the  bacilli  are 
longer,  others  shorter,  and  many  of  them  have  spores.  New 
cultures  may  be  established  from  these  bacilli  Inoculation 
with  them  or  with  further  cultivations  into  the  subcutaneous 
tissue,  peritoneal  or  pleural  cavity  of  guinea-pigs  and  rabbits, 
produces  after  three,  four,  or  more  weeks,  the  typical  lesions 
characteristic  of  artificial  tuberculosis  ; namely,  swollen  lym- 
phatic glands  near  the  seat  of  inoculation,  with  subsequent 
caseation  and  ulceration;  enlargement  of  the  spleen  due  to 
numerous  whitish  tubercles,  the  larger  ones  caseous  ; enlarge- 
ment of  the  liver,  which  is  mottled  by  the  presence  of  uni- 
formly distril  -ited  whitish  points  and  streaks,  which  by  and  by 
become  confluent  and  caseous  ; tuberculosis  of  the  peritoneum  ; 
isolated  tubercles  in  the  lungs,  at  first  grey  and  transparent, 


' Bolidif5ed  hydrocele  fluid  lias  been  successfully  used  for  the  cultivation  of 
the  tubercle-hacilli,  not  by  Koch,  but  by  iny  friend  Mr  Makins  of  St.  Thomas's 
Hospital. 
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then  easeating  in  the  centre  ; enlargement  and  subsequent 
caseation  of  the  bronchial  glands. 

owin"  to  the  fact  that  the  tuhercle-hacilli  require  for  their  growth  high 
temoeratures  (3S°— 40°  C.),  it  is  evident  tliat,  unlike  some  other  pathogenic 
organisms,  they  do  not  thrive  in  the  outside  world  in  temperate  climates. 

°Inoculation  with  the  pure  bacilli  into  the  anterior  chamber 
of  the  eye  of  rabbits  and  guinea-pigs  produces  the  character- 
istic tuberculosis  described  by  Cohnheim  and  Salomonsen. 
Aiter  an  incubation  of  from  two  to  three  weeks  there  appears 
OTi  tlie  iris  a crop  of  luinute  grey  tubercles  enltirging  and 
undergoing  caseous  degeneration.  Later  on  general  tutercu- 
losis  of  the  eyeball  and  other  organs  follows.  So  that  Cohn- 
heim’s  assertion,  that  only  tuberculous  matter  implanted  into 
the  anterior  cliamber  of  the  eye  can  produce  this  outbreak  of 
a crop  of  tubercles  on  the  iris,  is,  by  Koch’s  observations, 
stren<^thened  in  the  highest  degree  ; the  tubercle-bacilli  present 
in,  and  characteristic  of,  true  tubercles  are  thus  manifestly 
connected  with  the  real  cause  of  the  morbid  growth.  A large 
number  of  pathologists  have,  since  the  publication  of  Koch’s 
paper,  devoted  themselves  to  various  parts  of  this  question  of 
the  relationship  of  the  tubercle-bacilli  to  the  tuberculous 
process,  and  have,  with  few  exceptions,  verified  Koch’s  obser- 
vations. The  chief  opposition,  leaving  out  of  accoimt  those 
who,  either  from  imperfect  technical  skill  in  the  manipulation 
and  staining  of  the  bacilli,  or  by  reason  of  the  inadequate 
number  of  their  observations,  have  denied  Koch’s  statements, 
comes  mainly  from  observers  who,  like  Toussaint,  Klebs,  and 
Schuller,  maiintain  that  tuberculosis  is  due  to  a micro-organism 
which  is  a micrococcus  and  not  a bacillus,  or  who,  like  Schot- 
telius  and  others,  do  not  admit  that  human  and  bovine  tuber- 
culosis are  the  same,  and  are,  therefore,  not  interchangeable, 
which  they  ought  to  be  if  in  both  the  same  bacillus  occurs,  and 
if  this  bacillus  is  the  vera  causa  morbi.  But  there  can  be  no 
doubt  that  a vast  number  of  competent  observers  have  fully 
verified  Koch’s  dictum,  that  the  tubercle-bacilli  are  specific  and 
different  from  other  bacilli,  except  those  of  leprosy,  as  regards 
their  chemical  nature  (compare  their  behaviour  to  nitric  acid)  ; 
and  that  wherever  they  are  present  in  the  sputum  we  have  to 
deal  with  real  tuberculosis,  wherever  after  repeated  examina- 
tions they  are  found  to  be  absent  there  is  no  tuberculosis. 
Tliis  has  by  this  time,  although  not  much  more  than  a couple 
of  years  has  elapsed  since  Koch’s  first  publication,  become  in 
the  hands  of  all  competent  workers  a matter  of  daily  practical 
application,  especially  as  regards  the  examination  for  bacilli  of 
the  sputum  of  patients  suspected  of  tuberculosis. 
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Tlie  other  equally  important  part  of  Koch’s  discoverv 
namely,  the  artificial  cultivation  of  tlie  tubercle-bacilli  and 
the  production  with  them  of  tuberculosis,  has  also  been 
verified  by  Weichselbaum.^  Weichselbaum  also  ascertained^ 
that  in  acute  miliary  tuberculosis  of  man  the  blood  contains 
the  bacilli. 

series  of  observations  was  published  by 
Mr.  Watson  Cheyne  in  the  Practitioner  for  April  1883  in 
which  he  proved,  (1)  That  the  organs  of  rabbits  and  guinea- 


Fig.  86.— From  a Section  through  a Tubercle  of  the  Lung  from  a 
Case  of  Acute  Miliary  Tuberculosis  in  a Child. 

Several  alveoli  are  seen  filled  with  ddbris  ; in  the  centre  of  this  are  mimerors 
nuclei,  and  amongst  them  the  tubercle- bacilli.  Magnifying  power  about  350. 

pigs  suflFering  from  the  tuberculosis  induced  by  Toussaint’s 
cultivations  from  the  blood  of  tuberculous  animals,  which 
cultivations  Toussaint  considered  to  be  those  of  micrococci, 
turned  out,  on  careful  microscopic  examination  and  .suitable 
staining,  to  contain  the  typical  tubercle-bacilli ; (2)  That 
inoculations  with  cultures  of  Toussaint’s  pure  micrococci  not 
containing  any  tubercle-bacilli  did  not  produce  tuberculosis  in 
animals  ; (3)  That  Koch’s  assertions  as  regards  the  constant 
occurrence  of  the  tubercle-bacilli  in  the  tubercles  of  animals 


* Wiener  vied.  Bliilter,  1SS3. 


Ibid.  10,  1SS4. 
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artiadally  tuberculised  are  quite  correct  ; (4)  That  material 
other  than  tuberculous  does  not  produce  tuberculosis,  that_  is 
to  sav  that  the  cases  of  artificial  tuberculosis  in  guinea-pigs 
observed  by  Wilson  Fo.x  and  Burdon  Sanderson,  and  in  the 
older  experiments  of  Cohnheiin  and  Fraenkel,  viz.  those  in 
^Yhich  chronic  infianiniation  and  caseation  (i.e.  artificial 
tuberculosis)  was  thought  to  have  been  induceji  by  other  than 
tuberculous  matter,  e.g.  by  non-tuberculous  caseous  inattei, 
setons  indifferent  substances  like  bits  of  gutta-percha  m.serted 
into  the  peritoneal  cavity,  &c.,  were  really  due  to  accidental 
contamination  with  tuberculous  material. 

According  to  my  own  experience  extending  over  a very 
lar<?e  number  of  cases  of  human  miliary  tuberculosis  and 
tuberculosis  of  cattle,  I cannot  for  a moment  accept  the 
statement  that  the  bacilli  found  in  the  two  affections  are 
identical ; for  I find  that  in  the  two  diseases  their  morpho- 
lot^ical  characters  and  distribution  are  very  different.  The 
ba'cilli  of  human  tuberculosis  are  conspicuously  larger  than 
those. of  the  tuberculosis  of  cattle,  and  in  many  instances 
more  regularly  granular.  As  is  seen  in  Figs.  83-85,  those 
of  human  sputum  are  nearly  half,  or  at  least  one-third,  as 
larf^e  a^ain  as  those  of  the  caseous  masses  from  the  lungs  ot 


The  bacilli  in  the  tuberculous  deposits  of  cattle  are  always 
contained  in  the  cells  ; the  larger  the  cell  the  more  numerous 
the  bacilli.  This  fact  comes  out  very  strikingly  in  thin  and 
well-stained  sections.  Around  many  of  the  smaller  and  larger 
clumps  of  bacilli  the  cell-outline  is  still  recognisable,  and  when 
the  cell  disintegrates,  as  it  does  sooner  or  later,  the  bacilli 
become  free  in  groups  ; in  this  respect  there  exists  a remarkable 
similarity  between  leprosy  and  bovine  tuberculosis.  But  in 
the  human  tubercles  the  bacilli  are  always  scattered  between 


the  cells. 

I cannot  agree  with  Koch,  Watson  Cheyne,  and  others,  who 
maintain  that  each  tubercle  owes  its  origin  to  the  immigration 
of  the  bacilli,  for  there  is  no  difficulty  in  ascertaining  that  in 
lumian  tuberculosis,  in  tuberculosis  of  cattle,  and  in  artificially 
induced  tuberculosis  of  guinea-pigs  and  rabbits,  there  are  met 
with  tubercles  in  various  stages — young  and  adult — in  which 
no  trace  of  a bacillus  is  to  be  found  ; whereas  in  the  same 
section  cheesy  tubercles  may  be  present  containing  numbers  of 
tubercle-bacilli. 

Schuchardt  and  Krause  ^ have  found  tubercle-bacilli,  though 


* I’oitschritte  d.  Med.  9,  1SS3. 
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.sparingly,  in  fungoid  and  scrofulous  inflammations  ; Demme  i 
and  Doutrelepont  2 found  the  tubercle-bacilli  also  in  the  tissue 
ot  lupus.  But  the  bacilli  occurring  in  the  lupus-tissue,  as 
tar  as  1 am  able  to  see,  are  morphologically  different  from  the 
tubercle-bacilli.  In  a preparation  made  of  the  juice  of  lupus- 


Fio.  87.— Feom  a Section  theough  the  Kidney  of  Babbit  dead  of 
Artificial  Tuberculosis. 

a Blood-vessel  filled  with  caseous  matter,  and  in  it  numerous  tubercle-bacilli. 
h.  Nuclei  of  cells  of  the  tuberculous  new  growth, 
c.  Capillary  vessel  in  cross  section. 

Magnifying  power  700. 


tissue,  large  transparent  cells  with  several  nuclei  are  found, 
in  the  cell- substance  of  Avhich  are  noticed  groups  of  thickishj 
short  bacilli,  thicker  and  shorter  than  tubercle -bacilli.  These 
bacilli  are  either  placed  singly  or  in  chains  of  two. 


The  go-called  Bacillus  of  Cholera.— In  the  reports  from  India  by  Dr  Koch  as 
the  head  of  the  German  Commission  sent  to  investigate  the  recent  outbreak  of 
cholera  m Egypt,  we  notice  that,  like  the  French  Commission,  tliey  failed  to 
communicate  the  disease  to  animals ; that  the  German  Commission  failed  to 
discover  any  specific  organism  in  the  blood  of  patients  suffering  from  cholera  • 
that  the  intestines  contained  in  their  cavity  and  wall  numerous  peculiar 
‘ comma-shaped”  bacilli,  which  Koch  considers  to  have  a special  relation  to 


' Berliner  kiln.  Woch  15,  1883, 

“ Monatshefte  f.  praclische  Dermatologic,  0,  1883. 
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а. 

б. 

c. 

d. 


Fio.  88. — From  the  s.mie  Kidney  as  in  preceding  Figure. 

Large  artery  filled  with  caseous  matter,  aud  in  it  numerous  tubercle-haciili. 
Coat  of  artery. 

Nuclei  of  the  tuberculous  new  growth 
A.  Malpighian  corpuscle. 

Magnifying  power  about  500. 


p,(j  p9 Prom  the  Juice  or  Lupds-Tissdb  prepared  after  the  Korn 

Weioert  method  of  Drying  a thin  Laver  on  a Cover-ola^s. 
Magnifying  power  about  700. 
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spec.ino  nature.  Considering  afso  that  Ifn  convincing  proof  of  their 

cholera,  artificial  cultivations  of  these  W lli  L”*  ^ 

Koch,  cannot  bo  tested  siiccessfully  accomplished  by 

that  it  is  necessary  that^S*^n°ow  •®®rned 

tion,  and  that  the  bacilli  are  eaLly^  Mled  bv  d™^^ 
hM.„an7nLstiiefro„^'ca®se^of?^^^^  the 


Fic.  90.— From  a Section  through  the  Mucous  Membrane  op  the  Intestine 
OF  A Patient  dead  oi-  Dvsenterv. 

A number  of  blood  discs  (extravasated  into  the  tissue  of  the  mucous  membrane) 
and  between  them  long  thin  bacilli.  ' 

Magnifying  power  700.  (Stained  with  methyl-blue. 


some  cases,  however,  in  the  depth  of  the  tissue  there  are  found,  amongst  the 
extravasated  blood-coi-puscles,  numbers  of  very  tine,  long,  straight,  or  more 
commonly  curved,  bacilli  and  bacillus  filaments ; some  are  distinctly  made 
up  of  a chain  of  long  bacilli.  They  stain  well  and  conspicuously  in  methyl- 


CHAPTER  XII. 

VIBRIO. 

ViBRioxES  are  characterised  by  being  rod -shaped,  bnt  not 
El  raight ; tliey  are  more  or  less  wavy  ; and  they  are  motile. 

{a)  Vibrio  rugula  consist  of  rods  of  about  0‘008  to  0'016 
mm.  in  length,  and  curved  either  like  a C or  like  an  S.  They 


are  single,  or  form  chains  of  two.  Tlieir  protoplasm  is  always 
slightly  granular.  They  are  found  in  putrefying  organic 
substances,  and  often  form  continuous  masses,  the  individuals 
i literlacing  in  all  directions. 


K 
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(b)  Vibrio  serpens.—Tliia  is  also  a septic  organism,  much 
thinner  and  longer  than  the  previous  one,  more  wavy,  as  a 


Fio.  93.— Vibrio  Serpens  in  swarms  (after  Cohn). 


rule,  curved  into  a single  or  double  wave.  The  length  varies 
between  O'Oll  and  0'025  mm.  It  is  motile  ; and  also  forms 
continuous  masses,  the  individuals  interlacing  in  all  direc- 
tions. ° 


pathogenic  bacilli,  as  bacillus  of  anthrax,  of 
symptomatic  charbou,  of  tubercle,  of  ulcerative  stomatitis,  &.c.,  often  present 
themselves  in  forms  closely  resembling  vibriones.  present 


CHAPTER  XIIT. 


SPtROBACTERiUM  {Spirillum). 


SpIrIlLa  are  filaments  of  a spiral  shape,  motile,  and  owing 
to  their  shape  follow  a spiral  course  when  moving.  They 
are  proba,hly  capable  of  forming  minute  bright  spores. 

1.  Septic  spirilla. — These  are  found  in  all  kinds  of  putrefying 
organic  substances,  and  are  of  three  kinds. 


Flo.  94.— Spirit, tUM  Tenue,  (1)  singly  and  (2)  in  swarms  (after  Cohn). 

(ci)  Spirillum  tenue. — This  is  much  finer  and  more  wavy 
than  vibrio  serpens,  the  turns  being  closer  together  and  spiral. 
Its  length  varies  between  0'002  and  O’OOS  mm.  ; it  often  forms 
continuous  felted  masses  ; it  is  motile. 

Occasionally  the  spirilla  grow  to  a great  length — two,  three, 
and  more  of  them  forming  a chain  ; the  individual  sjiirilla  are 
not  arranged  in  a linear  series,  but  folded  into  a zigzag.  This 
form,  which  in  reality  is  not  a special  kind  of  spirillum,  is 


132  MICRO-ORGANISMS  AND  DISEASE.  [chap. 

called  by  Colin'  npirorhoita  2^l>caiiliii.  The  spirillum  found 
in  the  tartar  of  the  teeth  is  of  this  form,  sjnrochoita  denticola. 
But  there  exist  all  intermediate  forms  betAveen  a single 
spirillum  tenue  and  a spirocli£eta.  In  stained  specimens  the 
construction  of  the  spirochscta  from  several  spirilla  tenua  is 
very  distinct. 

(h)  Spirillum  umlula  is  much  thicker  and  shorter  than  the 
former  ; there  are  all  forms  between  such  as  are  only  half  a 


Fig.  96.— Spirillum  Voluians 
(after  Cohn). 


l lG.  95. — hl’IKILLlIM  Undi'LA 
(after  Cohn). 


turn  to  such  as  are  of  a whole  turn  of  a spiral.  It  is  motile 
and  forms  chains  of  two  or  more  elements,  occurring  also 
in  continuous  masses,  occasionally  held  together  by  a hyaline 
interstitial  substance. 

(c)  Spirillum  volutans. — These  organisms  are  giant  spirilla  ; 
long  and  thick,  with  granular  protoplasm  ; 0 025  to  0'03  mm 
long  ; motile,  and  with  a flagellum  at  each  end. 

* Bcitraye  zur  Biologie  d.  Pflamen,  vol.  ii. 
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2.  Pigment  spirilla.  • n i r i 

(a)  I have  seen  on  paste  a spirillnm,  morphologically  identical 
with  spirillum  undula  ; it  is  of  a pale  pink  or  rosy  coloim 
It  is  motile,  and  forms  a kind  of  zoogloea,  the  individuals  being 
closely  placed  and  therefore  producing  a rosy  colour  of  a more 


fio  97 —Blood  ok  Relapsing  Fever  (Human). 

Blood-corpnscles  and  spirilla  Obeiyieyeri. 
Magnifying  power  700.  (After  Kouh.) 


decided  tint.  Where  they  form  continuous  masses,  the  naked 
eye  can  detect  the  rosy  tint. 

(h)  Spirillum  sanguineum  {Ophidomonas  sangninea  Ehren- 
Percr). —This  was  observed  by  Cohn  and  Warming^  in  pond- 
water.  Morphologically  it  is  identical  with  spirillum  volutans. 

‘ “ On  a Rose-coloured  Spirillum,”  Quar.  Journ.  of  Micr.  Sci.,  vol.  xv.  Nev/ 
Si'riea.  . 

“ Ueitr.  z.  Biol.  d.  PJluHzcn,  vol.  p 
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It  IS  motile,  witli  a flagellum  either  at  one  or  both  ends  • 
Warming  occasionally  saw  two  and  three  flagella  at  one  end.’ 
it  IS  about  0-003  mm.  thick  ; all  forms  occur  between  such  as 
have  halt  and  such  as  have  two  and  a -half  turns  of  a spiral. 
Lankester  also  saw  the  same  kind  of  organism  amongst  his 
peach-coloured  bacteria.^ 

3.  Pathogenic  spirilla. 

Spirillum  Obepiegeri  (of  relapsing  fever)  is  morphologically 
Identical  with  spirillum  tenue  (or  spirochteta  plicatilis  of  Cohn). 


Fio.  93.— Blood  of  Ape  Inoculated  with  Blood  shown  in  preceding 

Figure. 

Blood-corpuscles  and  spirilla. 

Magnifying  power  700.  (After  Koch.) 

It  was  discovered  in  great  numbers  by  Obermeyer^  in  the 
blood  of  the  general  circulation  in  patients  suil'ering  from 

‘ Quarterly  Joum.  of  Micr.  Scienee,  vol.  xilL  New  Series. 

® Centralbl.  f.  med.  TTi’ss.  10,  1873. 
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relapsin"  fever.  The  spirilla  disappear  from  the  blood  dimng 
the  Ln-febrile  stages,  gradually  decreasing  in  numbers.  They 
are  motile  ; they  come  out  well  in  specimens  of  blood  made 
after  the  Weigert-Koch  method  of  drying  the  blood  in  a very 
thin  layer,  and  then  staining  with  methyl-violet  or  Bismarck- 
brown  i H.  V.  Carter  2 succeeded  in  producing  relapsmg 
fever  in  monkeys  by  inoculation  with  human  blood  containing 
the  spirillum  Obermeyeri  The  blood  in  the  monkey  contamed 
t e Sme  spirilla  in  great  numbers.  Koch  has  cultivated  arti- 
ficially the  spirilla  Obermeyeri,  and  saw  them  growmg  into 
long  spiral  threads.® 

» Weigert  Deutsche  med.  Woch.  1876  ; Heydenreich,  Berlin,  1877. 

2 Lancet, vol.  i.  p.  84  ; and  1880,  vol.  i.  p.  662. 

3 Deutsche  vied.  Woch.  19,  1079. 


CHAPTER  XIV. 

YEAST  FUNGI  : TORULACEAS,  SACCHAROMYCES. 

Yeast,  lorulu  (Pasteur),  or  mcchnromyces,  is  not  a bac- 
terium,  but  belongs  to  an  altogether  different  order  of  fiintri 
—the  Blastomycetes.  It  consists  of  spherical  or  oval  cell's 
the  largest  micrococci,  and  as  in  the 
case  of  these  each  cell  consists  of  a membrane  and  contents, 
i he  contents  are  either  homogeneous  or  finely  granular  pro- 
oplasm  ; in  the  latter  case  there  are  generally  present  one, 
two,  or  more  small  vacuoles.  ^ 

There  are  a peat  many  species  of  Tm-ula,  varying  from  one 
anothp  morphologically  chiefly  in  their  size,  and  physio- 
lopplly  by  their  actmn  on  various  fluids  (see  below).  ^ 

The  cells  multiply  in  suitable  media  by  gemmation,  a minute 
knob-like  projection  appearing  at  one  side  of  the  cell,  and 
enlpging  till  it  reaches  nearly  the  size  of  the  original  or 
mother-cell.  It  finally  becomes  altogether  constricted  off 
troin  this  latter,  or  having  reached  its  full  size  remains  fixed 
to  the  mother-cell,  and  each  cell  again  producing  by  gemmation 
a new  cell.  In  this  way  aggregations  of  four,  six,  eight,  or 
more  cells  are  formed,  which  may  be  arranged  either  as  a chain 
when  the  production  proceeds  in  a linear  manner,  or  as  a 
group  if  the  gemmation  takes  place  laterally. 

Under  varying  conditions  of  growth,  e.y.  on  transplanting 

pdinary  yeast  growing  in  sugar-containing' fluids  on  to  potato'! 

but  sometimes  also  in  the  same  nutritive  fluid,  it  is  observed 

that  some  of  the  yeast  cells  enlarge  twice,  tlirice,  and  more 

times  ; they  then  form  in  their  interior  two,  three,  or  more 

small  cells  by  endogenous  formation  ; these  new  cells  arc 

regarded  as  spores  ^ the  mother-cell  being  an  ascospove — and 

“ T-  de  Se^es  Comptea  Rendna,  1866  ; Rees,  Bot.  Zeitachr.  1869 ; Hanse:i. 
Carlaberg  Laborat.  lSt,3. 
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become  free  by  finally  bursting  the  membrane  of  the  mrfiher- 
cell.  On  sowing  these  new  cells  into  sugar-containing  fluids 
they  multiply  by  the  process  of  gemmation.  . 

Classifying  them  according  to  physiological  tunction  there 
are  various  species  of  torula  or  saccharomyces.  They  all  have 
tli6  power  to  split  up  sugar  into  alcohol  and  carbonic  acid,  but 
this  power  is  not  possessed  by  all  to  the  same  degree. 


Fio.  99.— Torula,  or  Saccharomycfr. 

In  the  lower  part  of  the  figure  an  a.scospore  and  four  isolated  spores  (after 
Rees)  are  shown. 

Magnifying  power  about  700. 

(a)  Saccharomyces  ceremsice  {torula  cerevisice).  This  is  the 
ordinary  yeast  used  in  the  production  of  beer.  The  individual 
full-grown  cells  vary  in  diameter  from  0‘008  to  0 01  mm.  ; 
they  form  beautiful  long  chains.  They  produce  ascospores. 

{p)  Saccharomyces  vini  is  very  common  in  the  air,  and  pro- 
duces alcoholic  fermentation  of  grape-juice  ; it  is  therefore  the 
proper  yeast  of  wine-production.  Its  cells  are  elliptical,  slightly 
smaller  than  the  former  ; it  forms  ascospores. 

(c)  Saccharomyces  paslorianus  is  of  various  kinds  (Hansen)  : 
in  some  the  cells  are  about  0 002  to  O'OOS  mm.  in  diameter,  in 
others  larger.  Some  form  ascospores,  othens  do  not.  Most  of 
them  can  be  found  in  wine-fermentation  and  in  cider-fermen- 
tation, but  only  after  the  first  alcoholic  fermentation  is  com- 
pleted. They  are  very  common  in  the  air.  I have  sown  a 
saccharomyces,  which  was  contained  in  ordinary  water,  on 
solid  nourishing  media  (gelatine,  and  gelatine  and  broth).  It 
grew  up  copiously  and  formed  groups  of  a distinct  pink  colour. 
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Wlien  growing  in  the  depth  of  the  nourishing  medium  it  grew 
as  a colourless  torula,  no  ascospores  were  formed,  multiplication 
taking  place  by  gemmation  only.' 

_ {d)  Sacckaroniyces  mycoderma  {rmjcodernxa  vini).  This  yeast 
IS  found  forming  the  scum  or  pellicle  on  the  surface  of  wine 
beer,  and  fermented  cabbage  {Sauerkraut) ; its  cells  are  oval 
about  0’006  mm.  long  and  0'002  broad.  It  forms  chains  ; the 
ascospores  are  two  or  three  times  larger.  It  has  nothing  to  do 
with  the  alcoholic  fermentation,  and  is  not  to  be  confounded 
with  mycoderma  aceti,^  which  is  a bacterium  and  the  efficient 
cause  of  acid  fermentation  in  wine  and  beer, 


Pia.  100.— Saccharomtcer  mycoderma,  on  Oidium  albicans. 
(After  Grnwitz.) 

From  an  nrliflcinl  ciiltiyation  in  dilute  nourishing  material. 

d.  Branched  mycelium 
fa.  Toruia  stage. 

/ i3.  Mycelial  stage. 


The  saccharomyces  mycoderma  does  not  grow  well  in  the 
depth  of  liquids,  but  when  sown  into  a liquid  of  acid  reaction 
and  containing  but  little  sugar,  Cienkowsky  saw  th^  cells 
elongating  into  cylindrical  elements  ; each  of  which  by  gem- 
mation produced  a new  cell  which  also  elongated,  and  so  on 

‘ Quart.  Jorirn.  of  Micr.  Science,  18S3. 

' Nageli,  see  cliapter  viii.  2. 
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till  a linear  series  of  cylindrical  cells  was  fo™ed,  separate 
from  one  another  only  by  a thin  septum  ; a mass 
very  much  resembling  a mycelium  was  thus  fo™ed  The 
cjdindrical  cells  give  origin  by  gemmation  to  spherical  and 

elliptical  torula-cells.  , , p 

Such  a growth,  in  which  the  torula-cells  are  capable  ot 
forming  a sort  of  mycelium,  was  formerly  called  oidmm,  and 
as  oidiuvi  albicans  is  recognised  as_  the  cause  of  thrush  , 
the  we^-kno^vn  white  patches  which  form  on  the  mucous 
membrane  of  the  mouth  and  pharynx  m suckling  infants  and 

debilitated  patients.  , i 

Grawitz^has  proved  by  observations  on  artificial  ciiltraes 
that  this  fungus  is  identical  with  the  oi'dium  vanety  of  Mc- 
charomyces  mycoderma;  the  cells  are  spherical  or  cylinfccal,  the 
former  about  0’003  to  0 005  mm.  in  diameter,  the  latter  up  to 
0'03  or  0-05  mm.  long.  As  above  described  it  forms  mycelium- 
like  filaments  from  which,  by  lateral  and  terminal  gemmation, 
spring  spherical  or  oval  torula-cells.  It  also  forms  ascospores 
containing  four  to  eight  spores. 

' Virchow’s  Archiv,  vol.  Ixx 


CHAPTER  XV. 

MOULD-FUNGI  : HYPHOMYCETFS  OR  MYCELIAL  FUNGI. 

Of  this  class  of  fungi  only  those  are  of  special  interest  'to  the 
pathologist  which  in  some  way  or  other  are  connected  with 
disease.  The  fungi  consist  of  branched  and  septate  threads 
or  hyphae  ; each  filament  or  hypha  is  composed  of  a row  of 
cylindrical  cells, ^ consisting  of  a membrane  and  clear  proto- 
plasm, the  individual  cells  being  separated  from  one  another 
by  a thin  transverse  septum  ; they  increase  in  number  by 
fission,  and  in  this  way  the  filaments  increase  in  length.  The 
growing  ends  of  the  hyphse  are  filled,  not  with  transparent, 
hut  with  highly-refractive  protoplasm.  Some  cells,  by  biiddino 
out  laterally,  produce  cylindrical  threads,  which  subdivide  into 
a series  of  cylindrical  cells,  these  by  division  and  lengthening 
forming  a new  branch-hypha.  The  filaments  form  "by  their 
branches  an  interlacing  feltwork,  called  thallus  or  mycelium. 
The  mycelial  fungi  which  interest  us,  belong  to  the  order 
known  to  botanists  as  the  Ascomycetes^  They  are  characterised 
by  the  fact  that  one  or  other  branch  of  the  mycelial-hypha) 
produces  at  its  end  a series  of  spherical  or  oval  cells — the 
conidia-spores  or  conidia.  In  addition  to  this  some  of  the 
hypha3  form  peculiar  large  mother- cells,  or  sporangia,  in  the 
interior  of  which  spores  are  formed  by  endogenous  formation. 
When  these  sporangia  are  cylindrical  or  club-shaped,  they 
include  eight  spores,  and  are  called  asci ; the  spores  being 
ascospores.  All  conidia  or  spores  by  germination  grow  into 
the  mycelial  threads  which  become  septate  or  subdivided  into 
a row  of  cylindrical  cells  ; these  by  division  cause  the 
lengthening  of  the  mycelial  threads. 

(a)  O'idium  Zac/is.— Here  the  mycelium  is  composed  of  sep- 
tate branched  filaments  of  various  thicknesses.  Some  branches 
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of  the  mycelium  at  their  ends  or  laterally  at  a septum  produce 
hv  division  a series  of  spherical  or  oval  conidia-spores,  about 
0'007  to  O'Ol  mm.  long.  These  ultimately  become  isolated,  and 
tlien  germinate  into  a short  cylindrical  filament,  which  sub- 
divides by  transverse  septa  into  a series  of  cylindrical  cells  ; 


Myoelimii  and  spore.s. 


these  by  continued  growth  and  division  give  origin  to  the 
ordinary  septate  branch-hyphae.  The  formation  of  conidia 
proceeds  at  the  ends  of  these  in  the  same  manner  as  before. 
The  oidium  lactis  forms  a whitish  mould  on  milk,  bread,  paste, 
potato,  &c. 

Favus,  Herpes  ton.surans,  and  Pitjwiasis  versicolor  of  man 
and  animals,  are,  according  to  the  researches  of  Grawitz,^  due 
to  a fungus  in  morphological  re.spects  identical  with  oVdium 
lactis.  In  favus  it  is  known  as  Achorion  Sclwenleini,  in  Herpes 
Virchoio’s  Archiv,  vol.  Ixx.  p.  660. 


142 


MICRO-OEGANISMS  and  disease.  [chap. 


form  septate  mycelial  liyphae.  Tliese  and  tlieir  branches  "ive 
origin  in  their  turn  to  spherical  or  oval  spores  or  conidia 
They,  as  well  as  the  hj^phse,  differ  in  size  in  the  various 
species. 

Malcolm  Morris  and  G.  C.  Henderson,'  on  the  other  hand 
ma,intain,  that  by  artificial  cultivation  of  the  spores  of 
Trichophyton  in  the  substance  of  gelatine-peptone,  at  tem- 
peratures varying  from  15°  to  25°  C.,  these  grow  into  branched 
septate  mycelial  filaments,  which  by  their  mode  of  fructification 
are  seen  to  be  identical  with  the  mycelium  of  Fmicillium. 
Compare  also  with  Babes.^ 

(i)  Aspergillus.— of  the  branches  of  the  mycelium  of 
this  fungus  assume  an  upright  position,  are  thicker  and  not  at 


Fig.  102.— Fungi  from  a Pavus-Patch  (Neumann) 


' Journal  of  the  Royal  Microscopical  Society,  April  11, 1S83. 
’ Archives  de  Physiologic,  8,  1863,  p.  466. 
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A.  Hypha,  the  end  of  which  c bears. 
St.  The  basidia. 
ns  iscogoninm. 


as  Ascogoniura. 
s»  Cells  of  the  pollinodia 
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all,  or  only  slif^litly,  septate,  and  at  their  end  form  flask-shaped 
eidargeinents,  from  Mdiich  grow  out  radially  short  cylindrical 
cells— ia.sh/m;  and  these  again  at  their  distal  or  free  ends 
produce  chains  of  spherical  spores  or  conidia.  This  is  a very 
common  mould,  and  according  to  differences  in  the  coloration 
of  the  mycelium  and  spores  is  subdivided  into  different  species  : 
A.glaucus,  candidus,flavescens,fumigatus,&c. 

Besides  this  mode  of  spore-formation  (asexual),  there  is 
another  (sexual),  which  according  to  de  Bary  consists  in  this  : 
some  terminal  branch  of  the  mycelium  becomes  twisted  like  a 
spiral,  this  is  considered  the  female  organ  of  fructification  or 
carpogonium  ; from  the  same  thread  branches  grow  towards  the 
carpogonium  ; one  of  these  branches  becomes  fused  with  the 
terminal  portion  of  the  carpogonium  called  the  ascogonium, 
while  the  others — the  pollimdia — branch  and  surround  the 
carpogoiiium  lilp  a capsule,  the  whole  organ  is  now  called  a 
peritheciuvi.  Finally  the  ascogonium  by  rapid  division  gives 
origin  to  a number  of  oval  septate  tubes,  inside  of  which  by 
endogenous  formation  numerous  spores  make  their  appearance. 

Grohei  was  the  first  to  show  that  the  introduction  of  the 
spores  of  some  species  of  aspergillus  into  ihe  vascular  system 
of  rabbits_  sometimes  produces  death,  with  symptoms  of 
metastasis  into  the  various  organs  due  to  localised  loci,  where 
these  spores  grow  into  mycelial  filaments.  Lichtheim  ^ showed 
that  such  mycoses  in  rabbits  cannot  be  produced  by  the  spores 
of  Aspergillus  glaucus,  but  by  those  of  Aspergillus  flavescens 
and  fumigatus.  Grawitz  ^ studied  this  process  more  minutely, 
and  found,  that  no  matter  whether  the  spores  are  injected  into 
the  vascular  system  or  into  the  peritoneal  cavity,  there  are 
established  in  the  kidneys,  liver,  intestines,  lungs,  muscles,  anc’ 
occasionally  in  the  spleen,  marrowbones,  lymphatic  glands, 
nervous  system,  and  skin,  minute  metastatic  foci,  due  to  the 
growth  of  the  spores  into  mycelial  filaments  with  imperfect 
organs  of  fructification,  but  no  spore-formation.  Grawitz 
thought  that  the  spores  of  ordinary  moulds  (penicillium  and 
aspergillus)  are  capable  of  assuming  these  pathogenic  proper- 
ties if  cultivated  at  higher  temperatures  (39° — 40°  C.),  and  in 
alkaline  media.  These  fungi,  as  is  well  known,  grow  well  at  or- 
dinary temperatures  and  in  acid  media,  and  are  then  innocuous 
when  introduced  into  the  animal  body  ; but  by  gradual  accli- 
matisation they  can  also  be  made  to  grow  at  higher  tempera- 
tures and  in  alkaline  media,  when  they  assume  pathogenic 

’ Berl.  Jelin.  WocTi.  1871. 

“ Ihid.  9 and  10,  1882. 

3 Virchow's  Archil',  vol.  Ixxxi.  p.  855. 
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tif;.  105.— From  a Section  throuiih  the  Kidney  op  a Rabbit  dead 
36  HOURS  AFTER  THE  INJECTION  OF  SpORES  INTO  THE  JdQULAB  VeIN. 

F.  Fat  droplets.  T.  Tyrosin  crystals. 

In  tlie  upper  part  of  the  figure  is  a meta-static  focus  composed  of  Aspergillus 
spores  and  mycelium.  In  the  lower  half  of  the  figure  the  urinary  tubules 
and  two  Malpighian  corpuscles  are  seen.  (After  Grawitz.) 

properties,  becoming  capable  of  resisting  the  action  of  livimr 
tissues  and  of  growing  in  them.  This  view  has  been  proved 
to  be  incorrect  by  Gaffky,i  Kocb,=  and  Leber.^  Those  spores 

‘ Mitthnil.  a,  d.  lenis.  Gestmdheitsamie,  1880. 

» Berl.  klin.  Woch.  1881. 


3 Ibul.  1882. 
L 
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that  do  exert  ,3uch  pathogenic  properties  are  not  at  all  de- 
pendent on  such  acclimatisation,  and  are  not  ordinary  moulds, 
hut  a distinct  species  of  aspergillus  (Lichtheim),  which  grows 
well  at  higher  temperatures  (38'— 48“  C.),  and  the  spores  of 
which  under  all  conditions  of  growth  are  capable  of  producin'' 
in  rabbits  the  mycosis  in  question.  ° 

(c)  Fe7iicilHuni.— In  this  fungus  hyphin,  which  are  not 
septate,  grow  out  from  the  mycelium  ; from  the  end  of  each  of 
these  arise  like  the  fingers  of  the  hand  a number  of  short 
branched  cylindrical  cells,  which  give  origin  to  chains  of 
spherical  spores. 

The  following  two  fungi  belong  to  the  order  of  fungi  called 
Phycomycetes. 

(d)  Mucor  is  characterised  by  this,  that  from  the  mycelium 
hyphae  grow  out  which  are  not  septate,  and  at  the  end  of  these 
a large  spherical  cell  originates,  sporanyium,  in  which  by  en- 
dogenous formation  a large  number  of  spherical  spores  are 
developed  ; the  wall  of  the  sporangium  giving  way,  the  spores 
become  free. 

_ (e)  Sap-olegnia;  colourless  tubular  threads,  forming  gela- 
tinous masses  on  living  and  dead  animal  and  vegetable  matter 
in  fresh  water.  The  cylindrical  or  flask-shaped  ends  of  the 
threads — zoospoj-angia — form  in  their  interior  numbers  of 
spherical  or  oval  s-pores— zoospores,  possessed  of  locomotion 
(one  flagellum  at  each  pole)  and  which  finally  escape  from  the 
threads.  These  zoospores  after  some  time  become  resting, 
surround  themselves  with  a membrane,  and  finally  germinate 
into  a cylindrical  mass  which  becomes  transformed  into  the 
mycelium.  Besides  this  asexual  there  is,  hoAvever,  a second  or 
sexual  mode  of  fructification,  consisting  in  this  : At  the  end  of 
a mycelial  thread  a cell  grows  up  into  a spherical  large  ball, 
the  oogonium.  From  the  same  thread,  thin  threads — aniheridia 
— grow  towards  the  oogonium,  with  the  protoplasm  of  which 
they  merge.  This  latter  then  differentiates  into  a number  of 
."pherical  masses,  the  oospores,  which  become  invested  with  a 
membrane.  These  become  free  and  then  germinate  and  grow 
into  a mycelium.  Saprolegnia  grows  on  the  skin  of  living 
fish,  and  causes  here  severe  illness  often  terminating  in  death. 
Thus  the  salmon  disease,  as  Professor  Huxley  has  shown  ^ is 
caused  by  this  parasite.  The  zoospores  of  this  salmon  sapro- 
legnia are,  however,  as  Huxley  has  shoum,  as  a rule  non-motile. 
The  hyphae  of  the  fungus  traverse  the  epidermis  in  the 
diseased  patches  of  the  salmon,  and  they  bore  through  the 
superficial  layer  of  the  derma,  a stem-part  being  situated  in 
the  epidermis,  and  a root-part  in  the  derma  ; each  of  these 

‘ Proceedings  of  the  Royal  Society,  No.  219,  lSf2. 
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elongates  and  bmnclies  out.  “ The  free  ends  of  the  steni-hypha) 
rise  above  the  surface  of  the  epidermis  and  become  converted 
into  zoosporangia,  more  or  fewer  of  the  spores  of  which  attach 


Fra.  100.— SAPROf.KONiA  uF  Salmon  Disease. 

A sporangium  filled  with  zoospores ; in  connexion  with  them  several  youn“- 

myoelial  threads.  ^ 

themselves  to  the  surrounding  epidermis  and  repeat  the  process 
ot  penetration.”  in  saprolegnia  a.ssociateil  with  the  salmon- 
di.sease  Profe.s.sor  Huxley  observed  only  the  asexual  mode  of 
1 ructiti  cation. 


CHAPTER  XVI. 


ACTINOMYCES. 

In  cattle  there  occurs  a fatal  disease,  wliich  is  characterised 
by  the  formation  of  firm  nodules  of  various  sizes,  due  to  a 
growth  of  small  cells.  In  the  centre  of  the  nodules  lie  dense 
groups  of  peculiar  club-shaped  corpuscles  — actinomyces  — 
radiating  from  a firm  homogeneous  centre,  and  joined  to  this 
by  longer  or  shorter,  single  or  branched,  filamentous  stalks. 
Each  of  these  actinomyces-corpuscles  appears  homogeneous, 
and  of  a bright  slightly  greenish  lustre.  These  masses  consist 
of  what  is  called  Actinomyces  (Bollinger),  and  the  disease  is 
termed  actinomycosis.  In  cattle  the  disease  manifests  itself 
by  firm  tumours  in  the  jaw,  in  the  alveoli  of  the  teeth,  and 
particularly  by  a great  enlargement  and  induration  of  the 
tongue — wooden  tongue.”  On  making  sections  through  this 
latter  organ  there  are  found  present  in  all  parts  microscopic 
tumours  of  small-cell  growth.  In  the  centre  of  each  tumour 
is  a clump  of  actinomyces.  This  clump  is  surrounded  by  a 
zone  of  largish  cells,  with  one  to  four  nuclei.  The  periphery 
of  the  tumour  is  made  up  of  a fibrous  capsule,  with  spindle- 
shaped  cells.  Occasionally  the  tumours  are  to  he  seen  also  in 
the  skin  and  in  the  lung  ; in  the  latter  organ  they  appear  <as 
whitish  nodules,  easily  mistaken  for  tubercles.^  Bollinger 
first  described  the  disease  in  cattle.^  Israel  ® was  the  first  to 
point  out  a disease  in  man  characterised  by  metastatic 
abscesses  (spreading  it  seems  from  a primary  abscess  of  the 
jaw)  in  various  internal  organs,  due  to  the  presence  of  a fungus, 

' Ccnirnlhl.  f.  med.  Wiss.  14,  18S2 ; Hinl:,  ibid.  iC,  I8E2. 

s Ibid,  27,  1877. 

3 Virchow's  Archiv,  vols.  Ixxiv.  nnd  Ixrviii. 
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whicli  afterwards  was  identified  as  actinomyces,  and  Ponflck  ^ 
lias  clearly  established  that  in  man  it  is  not  a rare  disease. 


Fia.  107. — From  a Section  through  the  Tongue  oe  a Cow  dead  of 
Actinomycosis. 

A nodule  is  shown  composed  of  round  cells,  in  the  centre  is  the  clump  of 
actinomyces  surrounded  by  large  transparent  cells.  Magnifying  power  3u0. 


Fig.  108. — A Clump  of  Actinomyces  more  Highly  Magnified,  700. 


According  to  careful  observations,  J ohne  ^ succeeded  in 
transmitting  the  disease  from  cattle  to  cattle  by  inoculation, 

“ Die  Actinomykose  des  Menschen,  Berlin,  ISSl. 

“ Deutsche  Zeitschr.f  Thicrmedicin,  vii.  1881. 
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but  not  by  feeding.  He  also  fonnd  ^ in  twenty  out  of  twenty- 
one  liealthy  pigs  examined,  the  actinomyces  present  in  the 
crypts  of  the  tonsils. 

Israel  2 succeeded  in  transmitting  the  disease  to  a rabbit  bv 
inserting  into  the  peritoneal  cavity  a piece  of  a human 
antinomyces-tumour. 

R.  Virchow  quite  recently, » in  conjunction  Avith  0.  Israel 
and  Duncker,  ascertained  that  pork  occasionally  contained 
Avliitish_  chalky  nodules,  larger  than  those  due  to  trichinaj,  and 
containing  in  their  interior  the  actinomyces. 

0.  Israel  claims  to  have  succeeded  in  artificially  cultivating 
Hie  actinomyces  on  solid  ox-serum  ; in  fluid  media  the  growth 
does  not  succeed,  owing  to  the  swelling  up  and  death  of  the 
actinomyces-corpuscles. 

* Centralbl.  f.  med.  Jl'ias.  15,  1881. 

“ Ibid,  xxvii.  1888. 

3 Virehow'a  Archiv,  vol.  xcv.  p.  544 

4 Ibid.  vol.  xcv.  p.  142. 


CHAPTER  XVII. 


ON  RELATIONS  OF  SEPTIC  TO  PATHOGENIC  ORGANISMS.^ 

There  is  hardly  any  question  which  to  the  pathologist  pd 
sanitary  officer  can  be  of  greater  importance  than  the  rffiatiqn 
of  septic  to  pathogenic  organisms.  _ To  the  pathologist  the  iite 
liistory  of  a micro-organism,  outside  and  ndthin  the  anirnai 
body,  must  ever  remain  an  important  field  of  inquiry  ; to  the 
sanitary  officer  all  conditions  aftecting  the  life  and  death  of 
those  organisms  which  produce,  or  at  least  are  intimately  bound 
up  with,  infectious  diseases,  such  as  the  distribution  and  growth 
of  these  micro-organisms  outside  the  animal  body,  the  agencms 
which  affect  it  in  a favourable  and  unfavourable  sense,  are  the 
points  which  he  has  particularly  to  consider  in  dealing  vuth 
the  spread  and  prevention  of  infectious  maladies.  Now,  it  is 
known  of  many  micro-organisms,  both  those  that  are  associated 
with  putrefactive  processes  as  well  as  those  that  are  bound  up 
with  infectious  disease,  that  temperature,  the  medium  in  which 
they  grow,  presence  and  absence  of  certain  chemical  compounds 
are  capable  of  materially  aftecting  them.  I need  not  for  this 
purpose  enumerate  all  that  is  known  already  by  direct  experi- 
ment, but  will  only  limit  myself  to  reference  to  the  researches 
of  Schroter,  Cohn,  and  Wernich  on  that  group  of  micro-or- 
ganisms known  as  pigment  bacteria,  i.e.  bacteria  which  only 
under  certain  conditions,  notably  temperature  and  soil,  produce 
definite  pigments  (Cohn’s  Beitrdge  zur  Biologie  d.  PJlanzen)  ; 
to  those  of  Hansen  (Carlsberg  Laboratory)  on  yeast ; to  those 
of  Neelsen  on  the  bacilli  producing  the  blue  colour  of  milk, 
the  bacillus  syncyanus  {Beiir.  zur  Biol.  d.  Bflanzen,  iii.  2, 
p.  187)  ; to  the  works  of  Toussaint,  Pasteur,  Chauveau,  Koch, 

’ The  greater  part  of  this  chapter  is  copied  from  an  interim  report  by  myself 
to  the  Medical  Officer  of  the  Local  Government  Board,  1884. 
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and  others  on  the  bacillus  anthracis ; Arloing,  Thomas,  and 
Comevin  on  the  bacillus  of  symptomatic  charbon ; of  Koch 
on  the  bacillus  of  tuberculosis  ; of  Israel  on  actinomyces 
and  many  others  ; and  particularly  would  I refer  to  the  many 
valuable  suggestions  and  considerations  expressed  by  v.  Nageli 

^ book,  Die  niederen  Pilze,  Munchen, 
1877  and  1882.  ’ 

While  from  these  observations  it  would  appear  that  both 
septic  and  pathogenic  micro-organisms  are  capable  of  suffering 
some  niodifications  in  their  morphological  and  physiological 
behaviour,  it  is  nevertheless  still  an  open  question  whether  an 
organism  which  under  ordinary  conditions  is  only  associated 
with  putrefactive  changes  in  dead  organic  material,  and  which 
cannot  under  these  ordinary  conditions  grow  and  multiply 
■within  the  li-raig  body,  can,  under  certain  extraordinary  cir- 
cumstances, become  endowed  with  the  power  of  growin^^  and 
multiplying  ■within  the  body  of  a living  animal,  creating 
there  a pathological  condition,  inducing  there  an  infectious 
disease. 

Three  distinct  septic  micro-organisms  have,  after  n amerous 
experiments  and  careful  observations,  been  mentioned,  as  being 
capable  when  gro^wing  under  certain  extraordinary  conditions  of 
assuming  pathogenic  properties.  These  three  organisms  are  : {A) 
the  common  bacillus  of  hay  infusion  is  said  by  Buchner  to  be 
capable  of  transformation  iuto  bacillus  anthracis  ; (R)  a bacillus 
subtiUs,  present  in  the  air,  which,  although  quite  harmless  in 
itself,  assumes  distinct  pathogenic  properties  when  growing  in 
an  infusion  of  the  seeds  of  APrus  prec,atorius,  becoming  hereby 
endowed  with  the  power  of  causing  severe  ophthalmia  (Sattler) ; 
(C)  a common  mould,  aspergillus,  which  harmless  in  itself,  when 
gro^wn  on  neutral  and  aUraline  material  at  about  body-tempera- 
ture (38°  C.)  assumes,  according  to  Grawitz,  very  poisonous 
properties,  producing  in  rabbits  inoculated  with  it” death,  with 
metastatis  of  aspergillus  and  its  spores  in  the  various  internal 
organs. 

There  are  in  the  literature  of  micro-organisms  other  cases 
mentioned,  in  which  such  a transformation  has  been  supposed, 
but  without  any  experimental  proof,  and  we  need  not  therefore 
trouble  ourselves  more  about  them. 

Let  us  now  re’view  seriatim  the  above  three  cases  ; 

(A)  Dr.  Hans  Buchner  in  a paper,  which  for  many  reasons 
may  be  considered  an  important  one,  “ Ueber  cl.  experim. 
Erzeugung  des  MUzbrandcontagiiims,  &c.,”  qmblished  in  the 
Sifzungsberichte  d.  math,  physik.  classe  d.  k.  Pair.  Akademie  d. 
Wiss.  1880,  heft  iii.  p.  369,  states  that  he  succeeded  in 
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transforming  the  common  bacillus  of  hay  infusion,  the  hay 
bacillus,  into  the  bacillus  anthracis. 

The  hay  bacillus  and  the  bacillus  anthracis  rank  together 
morphologically  under  that  form  which  Cohn  has  named 

bacillus  subtilis.  . -u  i i 

The  two  are,  however,  not  quite  identical  in  morphological 
respects.  The  hay  bacillus  is  a minute  rod  or  cylindrical- 
shaped  bacillus,  which  by  elongation  and  division  produces 
chains  and  further  threads  just  like  the  bacillus  anthracis,  but 
in  the  latter  (i.e.  bacillus  anthracis)  the  bacilli  and  their  threads 
are  composed  of  cubical  elements,  as  is  shown  in  stained  speci- 
mens, and  as  has  been  mentioned  in  a former  chapter,  whereas 
in  those  of  the  hay  bacillus  the  elements  are  reds  or  cylinders. 
I have  seen,  however,  many  of  the  short  hay  bacilli  which 
being  constricted,  i.e.  in  the  act  of  division,  appear  as  two  short 
more  or  less  cubical  elements  placed  end  to  end.  It  is  generally 
assumed  that  in  hay  bacillus  the  bacilli  are  always  rounded  at 
their  ends,  whereas  the  bacilli  anthracis  are  as  if  straight  cut 
at  their  ends  ; but  this  is  not  universally  the  case,  since  I have 
seen  in  cultures  the  bacilli  anthracis  with  distinctly  rounded 
ends.  But,  speaking  generally,  the  hay  bacillus  is  a rod  more 
distinctly  rounded  at  its  ends,  the  bacillus  anthracis  of  the 
blood  is  not  so. 

The  bacillus  anthracis  is  slightly  thicker  than  the  hay 
bacillus.  In  artificial  cultivations  carried  on  in  neutral  broth 
the  bacillus  anthracis  is  about  twice  as  thick  as  the  hay  bacillus 
growing  in  the  same  fluid,  and  when  both  are  growing  in 
neutralised  hay  infusion  the  two  are  very  conspicuously  different 
from  one  another,  and  can  at  a glance  be  distinguished  from 
one  another  ; the  hay  bacillus  being  about  half  the  thick- 
ness of  the  bacillus  anthracis.  In  stained  specimens,  too,  the 
latter  is  beautifully  made  up  of  a row  of  cubical  cells,  whereas 
the  former  consists  of  cylinders  only. 

True,  the  bacillus  anthracis  is  not  always  of  the  same 
thickness,  for,  as  I have  shown,  when  growing  in  neutral 
pork  broth  it  is  decidedly  thicker  than  in  the  blood  of  an 
animal  dead  of  anthrax.  And  also  in  the  blood  of  different 
animals  the  bacillus  anthracis  slightly  varies  in  thickness,  for 
in  the  guinea-pig’s  blood  it  is  slightly  thicker  than  in  that  of 
the  rabbit  or  sheep. 

The  hay  bacillus  is  motile,  possessed  of  a flagellum,  and 
therefore  capable  of  locomotion  ; the  bacillus  anthracis  is 
not  motile.  I am  quite  aware  that  Cossar  Ewart  {Quarterly 
Jcnirnal  of  Microscopical  t^cience,  April  1878)  states  that  he 
has  seen  in  a specimen  kept  artificially  heated  under  micro- 
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scopic  observation  that  the  baciUus  anthracis,  at  first  non-motile 
IS  capable  of  becoming  motile.  At  one  or  both  ends  a fln"elliim 
grows  out  ironi  its  body.  But  tliis  observation  is  unreliable, 
Since  Ewart  did  not  fjuard  himself  in  any  way  from  the  acci- 
dental  introduction  of  septic  bacilli,  many  of  wliicli  are  motile. 
Besides,  he  says  of  the  bacilli,  which  he  figures  as  anthrax 
bacilli,  that  they  are  connected  with  one  another  by  two  fine 
threads,  and  that  the}’  probably  separate  from  one  another  and 
each  retains  one  filament,  which  is  its  flagellum.  But  his 
observations,  so  far  as  they  have  application  to  anthrax  bacilli, 
are  capable  of  quite  a different  interpretation.  In  every 
specimen  of  blood  and  in  every  artificial  culture  bacilli  can 
be  seen,  in  which  at  one  place  or  more  the  protoplasm  is 
wanting,  owing  as  I have  shown,  to  degeneration  ; in  such 
places  only  the  empty  sheath  is  present,  and  of  course  in  fresh 
specimens  this  gives  the  appearance  as  if  the  two  protoplasmic 
portions  of  the  bacillus  were  connected  with  one  another  by 
two  fine  threads,  i.e.  the  sheath  being  transparent  is  seen  here 
edgeways. 

In  no  instance  has  the  bacillus  anthracis  been  observed  to  be 
motile.  I have  examined  thousands  of  specimens  of  fresh 
bacillus  anthracis  in  the  blood  and  in  artificial  cultures,  and  I 
liOTe  never  sep  anything  that  in  the  least  would  lead  me  to 
differ  from  this  proposition. 

As  regards  the  spores  they  are  of  the  same  aspect  and  size  in 
both  the  hay  bacillus  and  bacillus  anthracis.  The  threads  in 
good  cultures  form  in  both  cases  the  same  bundles  more  or  less 
twisted  and  forming  convolutions,  but  in  certain  cultures  of  the 
bacillus  anthracis,  e.rj.  in  broth,  in  which  the  growth  is  limited 
to  the  bottom  of  the  fluid,  the  convolutions  and  the  twi.sted 
condition  of  the  threads  are  more  pronounced,  more  cable- 
like. 

Hay  bacillus  being  motile,  every  culture  of  it  is  uniformly 
turbid,  the  bacilli  being  capable  of  moving  about,  and  after  a 
day  or  two  of  incubation  at  35°  C.  they  form  a distinct  pellicle 
on  the  surface  of  the  fluid,  which  in  further  stages  becomes 
complete  and  thick.  These  pellicles  are  composed  of  a dense 
ieltwork  of  threads  of  the  bacilli,  and  in  them  spore-formation 
is  going  on. 

By  shaking  the  fluid  the  pellicle  sinks  to  the  bottom,  and  if 
the  fluid  is  not  exhausted  yet,  a new  pellicle  is  formed  of  the 
same  nature. 

In  no  culture  of  liay  bacillus  are  there  ever  observed  those 
cloudy,  fiuff}^,  whitish  and  transparent  convolutions  that  are 
seen  in  cultivations  of  bacillus  anthracis  carried  on  at  the 
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bottom  of  fluid  brotb,  and  wliicli  liave  been  so  accurately 

bacillus  and  tlie  anthrax  bacillus  when  growung 
on  gelatine  mixtures  liquefy  the  gelatine  ; both  when  growing 
in  meat  broth  turn  the  at  first  colourless  fluid  in  the  course  of 
incubation  to  an  amber,  and  further  to  a brown,  tint. 

The  hay  bacillus  is  capable  of  thriving  well  in  acid  solutions, 
it  arrows  copiously  in  hay  infusion,  which  is  of  a distinct  acid 
reMtion  ; the  bacillus  anthracis,  although  capable  of  making 
a slight  progress  in  acid  hay  infusion,  does  not  get  far,  lor 
deveneration' soon  sets  in  ; it  thrives  best  in  neutra.1  solutions. 
Hav  bacillus  thrives  also  very  well  in  neutral  solutions. 

Buchner  states,  that  by  successive  cultivation  of  bacillus 
anthracis  under  comtant  variation  of  the  nutritive  niaterial, 
he  saw  it  assume  gradually  the  properties  of  hay  bacillus. 
Thus  he  saw  tliat  its  mode  of  growth  gradually  cliraged, 
inasmuch  as  instead  of  forming,  as  the  tjqiical  bacillus  anthracis 
does,  fluffy  con'volutions  at  the  bottom  of  the  fluid-nourishing 
medium.,  it  gradually  showed  a tendency  to  stick  to  the 
and  to  the  surface  of  the  fluid,  and  to  form  a sort  of  pellicle 
iust  like  the  hay  bacillus  does.  This  I consider  to  be  an 
erroneous  interpretation  of  an  easily  explained  and  siinpie 
iact.  It  does  not  want  any  of  the  many  successive  generations 
of  bacillus  anthracis,  in  w'hich  Buchner  says  he  has  achieved 
this  transformation,  it  simply  requires  two  nourishing  fluids, 
in  both  of  which  the  bacillus  anthracis  will  thrive  well,  but 
which  fluids  differ  in  specific  gravity.  Let  Buchner  do  as  I 
have  done,  let  liim  take  rwo  test-tubes,  both  containing  sterile 
broth,  but  in  one  the  broth  concentrated,  in  the  other  dilute. 
Let  him  inoculate  the  two  test-tubes  with  bacillus  taken  from 
the  same  blood,  say  of  a guinea-pig  dead  of  anthrax,  let  him 
place  them  in, the  incubator  at  a temperature  of  35°--42°  C. 
After  two  or'  three  days,  and  more  decidedly  later,  he  will 
notice  this  very  difference  in  the  aspect  of  the  cultures  that  he 
lays  so  much  stress  on  as  indicating  a change  in  the  physiological 
character  of  the  bacillus.  One  test-tube,  containing  the  dilute 
broth,  shows  the  typical  fluffy  convolutions  at  the  bottom  of  the 
fluid  ; while  the  other,  containing  concentrated  broth,  shows  a 
distinct  attempt  at  the  formation  of  a pellicle.  Let  him  now 
take  out  a droplet  from  this  second  test-tube  and  inoculate 
with  it  two  test-tubes  of  the  same  nature  as  above,  i.e.  one 
containing  concentrated  broth,  the  other  dilute  Ijroth.  After 
two  or  three  or  more  days  of  incubation  he  will  find  exactly 
the  same  differences  as  above. 

Buchner  states  that  the  bacillus  anthracis  when  carried 
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Iliroiigh  a Mrge  nninber  of  successive  cultures,  at  a temperature 
of  35°  37°  C.,  gradually  loses  its  pathogenic  properties.  Of 
this  assertion  I have  said  already  a great  deal  in  my  Report  for 
1881  1882,  and  I mention  it  here  merely  in  connexion  with 

Buchners  other  assertions.  I have  shown,  that  even  assiuniiig 
that  Buchner  has  had  in  all  his  cultures  the  true  hacillus 
anthracis,  hut  for  which  there  is  no  definite  proof,  as  Koch 
has  so  ahly  pointed  out  in  his  critical  review  of  Buchner’s 
work  {Mittheilwujen  uus  dem  h.  Gcsundlieitsamte,  Berlin, 
1881,  Bud.  I.),  Buchner,  having  tested  his  cultures  on  white 
mice  only,  has  fallen  into  a serious  error,  for,  as  I have  shown 
(Reports  for  1881 — 1882),  a culture  of  hacillus  anthracis  may 
hpe  become  quite  harmless  to  white  mice,  hut  he  still  very- 
virulent  to  other  animals.  In  fact,  therefore,  Buchner’s  result 
does  not  require  for  its  achievement  more  than  one  culture, 
provided  this  has  been  kept  for  several  days  or  weeks  without 
spore-formation,  as  was  the  case  in  Buchner’s  experiments. 

As  regards  Buchner’s  statement  that  by  successive  cultivation 
of  hacillus  anthracis  at  35° — 37°  C.,  this  assumes  the  morpho- 
logical and  physiological  characters  of  hay  hacillus,  I agree  with 
Koch  in  regarding  this  as  a complete  error.  If  the  cultures  are 
quite  safe  from  contamination  nothing  of  the  sort  ever  happens. 
I have  now  for  several  years  carried  on  such  cultures,  and  have 
not  seen  anything  of  the  sort.  It  is  of  course  clear  that  if  by 
any  accidental  contamination,  say  at  the  time  of  inoculating  a 
tresh  tube,  a motile  septic  non-pathogenic  hacillus,  -with  which, 
or  with  the  spores  of  which,  the  air  sometimes  abounds,  is  intro- 
duced, every  new  culture  established  from  this  one  wRl  abound 
in  this  hacillus,  and  as  it  grows  quicker  and  more  easily 
than  the  hacillus  anthracis,  the  next  cultivations  become  barren 
of  all  the  bacillus  anthracis,  and  only  the  non-pathogenic  motile 
hacillus  will  he  found  present.  This  criticism  has  been 
applied  by  Koch  to  Buchner’s  experiments,  and  I must  fully 
endorse  it. 

But  there  is  a much  more  serious  statement  of  Buchner’s 
— serious,  because  if  true  in  nature,  it  is  dreadful  to  contem- 
plate to  what  amount  of  anthrax  man  and  brute  may  become 
subject — viz.,  that  he  maintains  to  have  succeeded  in  trans- 
forming the  hay  bacillus  into  bacillus  anthracis,  by  carrying 
the  former  through  many  generations  under  ever  varying 
change  of  soil.  It  is  needless  to  detail  here  all  these  experi- 
ments of  Buchner,  since  I do  not  attach  any  great  value  to  them, 
and  I should  not  have  troubled  myself  much  about  them  were 
it  not  that  one  meets  in  mycological  literature,  particularly  on 
the  part  of  botanists,  an  acceptance  of  Buchner’s  statement 
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that  hay  bacillus  can  change  into  the  pathogenic  bacillus 
anthracis  (see  Zopf,  Die  Spaltpilze,  Breslau,  1883).  _ 

I have  repeated  Buchner’s  experiments  on  rabbits,  guinea- 
pi<js,  and  white  mice.  I have  grown  the  hay  bacillus  in 
vanous  lands  of  broth,  in  gelatine  broth  mixtures,  in  hydro- 
cele fluid,  in  peptone  fluid,  in  Agar-Agar  and  peptone,  at 
temperatures  varying  between  30°  and  38°  C.,  and  I have,  to 
put  it  shortly,  never  seen  that  it  shows  the  least  tendency  to 
change  its  morphological  characters,  or  that  it  ever  assiimes 
any  morphological  or  physiological  character  like  the  bacillus 
anthracis.  I consider  this  a perfectly  hopeless  task,  and  I feel 
sure  any  one  might  as  soon  attempt  to  transform  the  bulb  of 
the  common  onion  into  the  bulb  of  the  poisonous  colchicum. 

But  Buchner  states  that  with  his  cultures  of  hay  bacillus, 
carried  through  many  generations  under  varying  conditions 
of  soil,  he  inoculated  white  mice,  which  died  under  symptoms 
of  anthrax,  and  whose  blood  contained  the  typical  bacillus 
anthracis.  I do  not  for  a moment  doubt  that  he  really  had 
mice  dying  from  anthrax  after  inoculation  with  cultures  of  hay 
bacillus,  but  I question  the  admissibility  of  his  interpretation. 
I believe  that  some  accidental  contamination  of  the  culture  of 
hay  baciUus  with  anthrax  spores  or  otherwise  may  have 
occurred  and  have  got  overlooked.  How  liable  one  kind  of 
infective  material  is  to  be  invaded  by  foreign  infective  matter 
may  be  understood  from  the  following  examples  of  its  actual 
occurrence. 

It  is  now  admitted  on  all  hands  that  the  results  of 
VUlemin  in  producing  what  is  called  artificial  tuberculosis  in 
guinea-pigs,  by  inoculating  the  animals  subcutaneously  with 
cheesy  matter  derived  from  human  and  bovine  tuberculosis 
or  from  a guinea-pig  suffering  from  artificial  tuberculosis, 
cannot  be  produced  by  any  other  means  ; it  cannot  be  pro- 
duced by  ordinary,  i.e.  non-tubercular  cheesy  or  other  pus,i 
nor  by  setons  (as  once  thought  by  Wilson  Fox  and  Sanderson) 
setting  up  chronic  caseous  inflammations  in  the  sldn  of  guinea- 
pigs,  nor  by  chronic  mechanical  irritation,  e.g.  insertion  into 
the  peritoneal  cavity  of  bits  of  gutta-percha  or  other  substances 
producing  chronic  peritonitis  (as  was  thought  by  Cohnheim 
and  Fraenkel),  but,  as  Cohnheim  now  tersely  puts  it,  tuber- 
culosis can  be  produced  only  by  matter  derived  from  a tuber- 
culous source,  and  anything  that  produces  this  tuberculosis  is 
derived  from  a tuberculous  source.  Dr.  Wilson  Fox,  after  the 
very  important  experiments  performed  by  Dr.  Dawson 
Williams,  according  to  which  chronic  inflammation  in  the 
‘ Compare  Watson  Cheyne,  Practitioner,  April  1S83. 
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skin  of  guinea-pigs  produced  by  setons,  is  in  no  ca.se  Ibllowed 
by  tuberculosis,  has  conceded  that  in  lus  earlier  experiments 
there  must  have  entered  some  error  in  the  use  of  the  materials. 
Cohnheim  has  conceded  the  same.  It  is  clear  that  tliese  ob- 
servers, while  working  at  the  same  period  with  both  tuberculous 
and  non-tuberculous  matter,  must  have  had,  in  the  course  of 
experiments  with  the  latter  substance,  accidental  contamination 
with  the  tormer,  and  hence  had  the  guinea-pigs  inoculated  by 
them  with  non-tuberculous  matter  nevertheless  afl'ected  with 
tuberculosis.  Dr.  Williams,  who  had  no  contamination  to  fear, 
working  with  non-tuberculous  matter  only,  had  consequently 
no  accidental  contamination.  This  shows  us  how  dangerous, 
as  regards  reliability  of  results,  it  is  to  work  in  one  laboratory 
with  different  infective  materials  at  the  same  period. 

I have  myself  experienced  some  very  curious  results  hearing 
on  this  very  point.  During  the  last  year  I have  seen  the 
following  cases  of  accidental  contamination  occur.  I work  in 
the  laboratory  of  the  Brown  Institution,  which  comprises  a 
suite  of  rooms.  Although  working  extensively  on  anthrax,  I 
generally  limit  myself  to  one  room  only.  A friend  of  mine, 
who  one  day  injected  into  a vein  of  a guinea-pig  blood  taken 
from  a blood-vessel  of  a dog  suffering  from  distemper,  found, 
to  his  great  disappointment,  the  guinea-pig  dead  after  two  days 
under  the  typical  symptoms  of  anthrax,  the  blood  of  this 
animal  teeming  with  the  characteristic  bacilli.  The  hypo- 
dermic syringe  used  in  this  experiment  for  injection  had  not 
been  previously  used  by  me  in  my  anthrax  experiments,  since 
I never  use  a syringe  in  my  inoculations,  but  only  glass 
pipettes  freshly  made  and  drawn  out  into  a fine  tube.  The 
experiment  was  performed  in  the  room  adjoining  the  one  in 
which  my  anthrax  investigations  were  being  carried  on,  but  I 
was  in  the  habit  of  maldng  every  day  a good  many  specimens 
of  anthrax  cultivations  and  spores,  so  that  there  must  have 
been  a good  many  of  these  spores  distributed  on  the  table  and 
floor,  and  probably  found  their  way  into  the  wound  of  the 
guinea-pig  at  the  time  the  above  experiment  was  made. 

Another  gentleman  working  in  the  laboratory  of  the  Bromi 
Institution  intended  to  inoculate  several  guinea-pigs  with 
human  tubercles.  For  this  end  he  mashed  up  in  saline  solu- 
tion, in  a clean  mortar,  a bit  of  human  lung  studded  with 
tubercles.  He  did  this  in  my  room  on  the  same  table  on 
which  I was  working  with  anthrax.  One  of  these  guinea- 
pigs,  inoculated  with  human  tubercle,  died  before  the  second 
day  was  over  of  typical  anthrax.  Its  blood  was  teeming  Avith 
the  bacillus  anthracis.  Such  an  accidenlal  antlira.x  of  a 
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•Tuinea-pig  inoculated  with  tuberculous  matter  occurred  several 
times.  In  all  cases  freshly  drawn-out  glass  capillary  pipettes 
had  been  used  ibr  performing  the  inoculation,  and  also  the  other 
instruments  had  been  carefully  cleaned  before  the  inoculation. 

I myself  had  the  following  accidental  contaminations 

A cminea-pig  had  been  inoculated  with  a culture  of  bacillus 
anthracis,  which  I did  not  expect  would  produce  anthrax,  the 
culture  not  being  capable  of  starting  new  cultures,  the  bacillar 
threads  being  all  in  a state  of  degeneration.  The  mimal,  of 
course,  remained  unaffected.  Some  weeks  afterwards  inspecting 
the  guinea-pig,  to  my  surprise,  I found  the  inguinal  lymphatic 
glands  at  the  side  of  the  former  inoculation  greatly  swollen, 
filled  with  cheesy  pus.  The  animal  was  killed,  and  was  found 
to  be  affected  with  general  tuberculosis,  the  cheesy  matter  of 
the  tubercular  deposits  containing  the  tubercle  bacilli.  Com- 
paring my  notes  on  this  animal  with  those  of  my  friend 
Lingard,  we  found  that  on  the  very  day  on  which  I inoculated 
the  animal  with  my  anthrax  culture  we  had  inoculated  severe  1 
other  guinea-pigs  with  tuberculous  matter.  This  tuberculous 
matter  was  prepared  in  the  same  room  in  which  I prepared 
the  fluid  for  my  anthrax  inoculation,  but  the  instruments  in 
the  two  sets  of  experiments  had  not  been  the  same. 

A rabbit  was  inoculated  with  a culture  of  bacillus  anthracis 
which  I did  not  expect  would  produce  anthrax.  The  animal 
remained  unaffected  with  anthrax,  but  died  after  four  weeks 
with  the  symptoms  of  extremely  well-marked  tuberculosis — in 
fact,  the  best  marked  case  that  I have  seen — of  both  lungs, 
spleen,  liver,  and  kidney.  The  tubercular  deposits  contained 
the  tubercle  bacilli. 

Also  in  this  instance  inoculations  with  tuberculous  matter 
had  been  going  on  at  the  same  time,  when  I meant  to  have 
inoculated  nothing  else  but  a culture  of  anthrax  bacilli. 

I think  all  these  facts  taken  together  prove  unmistakably 
that  working  with  two  contagia  in  the  same  laboratory  and  at 
the  same  period,  accidental  contamination  is  of  no  rare 
occurrence.  And  this  applies  with  equal  force  to  Buchner’s 
experiments.  Buchner  worked  extensively  with  anthrax 
cultures  in  the  same  laboratory,  and  at  the  same  time  he  had 
those  successful  cases  of  anthrax  in  mice  which  he  thought  to 
have  inoculated  with  cultures  of  hay  bacillus,  and  accidental 
contamination  probably  was  the  result.  Buchner  himself  has 
experimentally  shown  that  anthrax  virus  in  the  shape  of 
spores  can  by  inhalation  produce  anthrax,  and,  therefore,  this 
is  another  argument  against  his  above  cases  of  positive  results. 
I am  assuming  that  his  cultures  of  hay  bacillus  were  reallv 
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free  of  spores  of  bacillus  antliracis : but,  seeing  that  liis 
anthrax  cultures  were  probably  contaminated  with  hay  bacillus, 
I do  not  see  why,  by  some  chance,  one  of  his  tubes  which  he 
thought  he  inoculated  with  hay  bacillus  should  not  have  been 
accidentally  contaminated  with  the  spores  of  bacillus  antliracis, 
of  which  there  must  have  been  many  about  in  the  air  of  the 
laboratory. 

It  Buchner  could  show  us  that  in  a laboratory,  in  which  for 
some  considerable  time  anthrax  cultures,  anthrax  animals,  and 
examinations  of  anthrax  bacilli  had  not  been  carried  on, 
cultivation  of  hay  bacillus  ultimately  yields  a fluid  which 
produces  typical  anthrax,  then  I should  be  perhaps  prepared 
to  concede  his  proposition  of  a transmutation  of  hay  bacillus 
into  bacillus  anthracis.  Such  a proposition  is  of  the  widest 
importance,  and  therefore  its  proof  ought  to  be  beyond  cavil, 
there  ougKt  to  be  no  chance  of  a possibility  of  error.  Such 
proof  Buchner  has  not  given,  and  I cannot  therefore  accept 
his  interpretation. 

(6)  The  second  instance  in  which  the  transformation  of  a 
common  septic  into  a specific  or  pathogenic  organism  has  been 
experimentally  achieved,  or  I should  rather  say  has  been 
stated  to  have  been  achieved,  is  the  jequirity  bacillus.  In 
1882  the  well-known  ophthalmologist  M.  L.  de  Wecker  in 
Paris  drew  attention  to  the  therapeutic  value  of  the  seeds  or 
beans  of  A brus  precatorius,  a leguminosa  common  in  India 
and  South  America.  The  people  of  Brazil  use  it  under  the 
name  jequirity  as  a means  to  cure  trachoma  or  granular  Rds. 
De  W ecker  after  many  experiments  found  that  a few  drops  of 
an  infusion  made  of  these  seeds  causes  severe  conjunctivitis, 
in  the  course  of  wliich,  no  doubt,  trachoma  is  brought  to  cRs- 
appearance  and  cure,  and  it  is  accordingly  on  the  Continent 
and  in  this  country  now  used  for  this  therapeutic  object.  [I 
am  informed  by  my  friend  Dr.  T.  Lewis,  formerly  of  India, 
now  pathologist  at  the  Netley  Army  Medical  School,  that  the 
people  in  some  parts  of  India  know  the  poisonous  properties 
of  these  seeds,  and  use  it  for  inoculating  -with  them  subcu- 
taneously, cattle  ; in  consequence  a severe  inflanunation  is  set 
up,  and  the  animals  die  of  some  sort  of  septicsemia.  This  is 
done  for  the  sake  of  simply  obtaining  the  hides  of  the 
beasts.] 

Sattler,  in  a very  important  and  extensive  research  {Wiener 
medic.  Wochenschrift.,  N.  17-21,  188.'1,  and  Klin.  Monatsbl.  f. 
Augcnheilk,  June  1883)  ascertained  that  when  an  infusion  of 
the  jequirity  seeds  is  made  of  the  strength  of  about  half  per 
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cent.,  this  infusion  after  some  hours  to  a few  days  contains 
numerous  bacilli,  motile,  capable  of  forming  spores,  and  in  all 
respects  identical  with  a bacillus  subtilis.  The  bacilli  are 
about  0-00058  mm.  thick,  and  from  0 002  to  0-0045  mm.  long. 
They  form  a pellicle  on  the  surface  of  the  infusion,  and  in  the 
bacilli  of  this  pellicle  active  spore  formation  is  going  on.  The 
bacilli  grow  and  multiply  well  at  a temperature  of  about  35  C., 
but  also,  only  slower,  at  ordinary  temperature.  Sattler  culti- 
vated artificially  the  bacilli  on  blood-serum  gelatine  and  meat- 
extract  peptone  gelatine,  both  solid  media,  and  continued  their 
growth  through  several  successive  cultivations.  Both,  the  in- 
fusions of  the  jequirity  and  the  bacilli  taken  from  these 
artificial  cultures  inoculated  into  the  conjunctiva  of  healthy 
rabbits  produce  severe  ophthalmia,  leading  to  the  production 
of  great  cedematous  swelling  of  the  conjunctiva  and  eyelids, 
and  temporary  closure  of  the  latter,  and  to  the  secretion  of 
purulent  exudation.  Both  the  exudation  and  the  swollen  lids 
are  said  to  contain  infective  bacilli  and  their  spores.  Sattler 
ascertained  by  many  experiments,  that  none  of  the  bacilli  and 
the  spores  distributed  in  the  atmosphere  had  those  specific 
properties,  viz.,  to  excite  ophthalmia,  as  long  as  they  grow  in 
other  than  jequirity  fluid,  but  having  had  access,  i.e.  having 
entered  the  jequirity  infusion,  assume  here  this  specific  power. 
There  is  no  doubt  that  Sattler  worked  the  whole  problem  -udth 
great  care,  worked  out  all  points  connected  -with  it  in  great 
detail,  and  for  this  reason  his  work  was  considered  to  have 
for  the  first  time  unmistakably  established  that  a harmless 
bacillus,  o-wing  to  the  particular  soil  in  which  it  grew,  assumes 
definite  specific  or  pathogenic  properties.  To  me  this  jequirity 
bacillus  had  a great  interest,  since  I was  particularly  anxious 
to  get  hold  of  such  an  organism,  in  order  to  see  whether  and 
how  far  it  can  again  be  made  harmless.  For  if  ever  there  was 
a good  case,  a case  in  which  a previously  harmless  micro- 
organism had  by  some  peculiar  conditions  become  specific, 
this  was  a case  ; and  therefore  it  must  he  here  possible  by 
altering  its  conditions  of  life  again  to  transform  it  into  a harm- 
less being.  The  theoretical  and  practical  importance  of  such 
a case  must  he  evident  to  every  one  who  has  at  all  devoted 
any  thought  to  the  relation  of  micro-organisms  with  disease. 
The  whole  doctrine  of  the  infectious  diseases,  I might  almost 
say,  is  involved  in  such  a case,  for  if  in  one  case  it  can  be 
unmistakably  proved  that  a harmless  bacterium  can  be  trans- 
formed into  a pathogenic  organism,  ie.  into  a specific  virus  of 
an  infectious  malady,  and  if  this  again  can  under  altered 
conditions  resume  its  harmless  property,  then  we  should  at 
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once  be  relieved  of  searching  for  the  initial  cause  in  the  out- 
break of  an  epidemic.  But  in  that  case  we  should  be  forced 
to  contemplate,  as  lloating  in  the  air,  in  the  water,  in  the  soil, 
everywhere,  millions  of  bacteria  which,  owing  to  some  peculiar 
unknown  condition,  are  capable  at  once  to  start  any  kind  of 
infectious  disorder,  say  anthrax  (Buchner),  infectious  ophthal- 
mia (Sattler),  and  probably  a host  of  other  infectious  diseases, 
and  thus  to  form  the  starting-point  of  epidemics.  And  the 
only  redeeming  feature,  if  redeeming  it  can  be  called,  in  this 
calamity  would  be  the  thought  that  the  particular  bacterium 
would  by  and  by,  owing  to  some  accidental  new  conditions, 
again  become  harmless. 

These  were  the  reasons,  and  good  reasons  I think  they  were, 
which  prompted  me  to  inquire  into  the  jequirity  bacillus  and 
jequirity  ophthalmia,  and  after  a very  careful  and  extensive 
series  of  experiments,  to  be  described  presently,  I have  proved 
beyond  any  doubt  that  the  jequirity  bacillus,  per  se,  has  no 
more  power  to  create  an  infectious  ophthalmia  than  Buchner’s 
hay-bacillus  had  of  creating  anthrax. 

The  following  experiments  prove  this  conclusively  : — 

The  seeds  of  jequirity  {Abrus  precatorius)  are  crushed  and 
powdered,  the  perisperm  is  removed,  and  of  the  rest  an  infu- 
sion is  made  of  about  the  strength  of  half  per  cent,  with  dis- 
tilled water,  previously  boiled  and  contained  in  a flask 
previously  sterilised  (by  heat)  and  plugged  with  sterile  cotton- 
wool. The  infusion  is  made  while  the  water  is  still  tepid. 
After  half  an  hour  the  infusion  is  filtered  into  a fresh  sterile 
flask,  plugged  with  sterile  cotton-wool,  the  access  of  air  being 
limited  as  much  as  possible.  This  is  effected  by  keeping  the 
cotton-wool  in  the  mouth  of  the  flask  around  the  end  of  the 
glass  filter.  The  filtered  fluid  is  of  a slightly  yellowish-green 
colour,  and  is  almost  neutral  and  limpid.  A small  quantity 
is  -withdrawn  with  a capillary  glass  pipette  freshly  drawn  out; 
and  from  this  several  test-tubes  containing  sterile  nourishing 
material  (peptone  solution,  broth,  Agar-Agar  and  peptone)  are 
inoculated  ; and  from  the  same  pipette,  and  at  the  same  time, 
several  eyeballs  of  healthy  rabbits  are  inoculated,  by  placing 
a drop  or  two  of  the  infusion  under  the  conjunctiva  bulbi. 
The  test-tubes  are  placed  in  the  incubator  and  kept  there  at 
35°  C.  After  twenty-four  hours  all  eyeballs  are  intensely  in- 
flamed, the  eyelids  closed  and  swollen,  and  a large  amount  of 
purulent  secretion  is  present  in  the  conjunctival  sac,  but  all 
the  test-tubes  remain  perfectly  limpid  ; no  growth  has  made 
its  appearance,  and  they  remain  so. 

Ill  a second  series  the  infusion  prepared  in  the  above  manner 
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is  used  fifteen  minutes  after  it  is  made  and  used  as  above,  for 
inoculation  of  test-tubes  and  eyeballs.  The  fluid  in  the  te.st- 
tubes  after  incubation  remains  limpid,  the  eyeballs  all  become 
inflamed.  In  both  series  the  amount  of  fluid  inoculated  into 
the  test-tuhes  is  more  than  twice  as  great  as  that  injected  into 
the  eyeballs.  From  this  it  is  quite  clear  that  the  fluid  used 
for  inoculation  of  the  test-tubes  was  barren  of  any  micro- 
organisms, and  nevertheless  it  possessed  a powerful  poisonous 
principle.  I do  not  mean  to  say  that  the  infusion  as  a whole 
contained  in  the  flask  contains  no  organisms,  but  that  the 
small  quantity  of  the  fresh  infusion  that  was  used  for  the 
inoculation  of  the  test-tubes  and  eyeballs  contained  none  is 
absolutely  certain.  When  such  a flask  is  placed  in  the  in- 
cubator, after  twenty-four  to  forty-eight  hours  or  later  there 
are  found  in  it  large  quantities  of  bacilli,  the  spores  of  which 
must  have  entered  from  the  air  during  the  process  of  preparing 
the  infusion.  The  bacilli  are  such  as  described  by  Saltier ; 
tliej  soon  form  .spores  in  the  usual  way.  Such  an  infusion  is 
very  poisonous,  just  like  the  fresh  one.  Sattler  has  shown, 
and  this  is  easily  confirmed,  that  the  spores  of  these  bacilli 
stand  boiling  for  a few  minutes  without  losing  their  power  to 
germinate.  Consequently,  if  such  a poisonous  infusion  full  of 
bacilli  and  spores  be  boiled  for  half  a minute  the  spores  are 
not  killed  ; proof  for  this  : that  if  with  a minute  dose  of  this 
spore  contatuiug  boiled  infusion  any  suitable  sterile  nourishing 
material  in  test-tubes  be  inoculated,  and  then  these  test-tubes 
be  placed  in  the  incubator  at  35°  C.,  after  twenty-four  to  forty- 
eight  hours  the  nourishing  fluids  are  found  teeming  with  the 
jequirity  bacilli ; hut  no  amount  of  this  material  'produces  the 
least  symptom  of  ophthalmia.  Every  infusion  of  jequirity  loses 
its  poisonous  activity  by  boiling  it  a short  time,  J to  1 minute, 
and  hence  the  above  result. 

In  this  respect  the  poisonous  principle  of  jequirity  infu.«ion 
comports  itself  similar  to  the  pepsin  ferment,  which,  as  is  well 
known,  is  destroyed  by  short  boiling. 

If  an  infusion  is  made  as  above,  and  after  flfteen  minutes  it 
is  Altered  and  then  subjected  to  boiling  for  ^-1  minute,  it  will 
be  found  to  have  become  absolutely  non-poisonous,  but  not 
sterile,  placing  it  in  the  incubator  after  twenty-four  to  forty- 
eight  hours,  vast  numbers  of  the  jequirity  bacillus  are  found 
in  it.  But  no  amount  of  this  fluid  is  capable  of  producing  the 
slightest  symptom  of  ophthalmia. 

A large  per-centage  of  the  rabbits,  whose  conjunctiva  has 
been  inoculated  with  the  fresh  unboiled  poisonous  infu- 
sion, die  after  several,  three  to  eight,  days.  The  eyeballs  and 
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eyelids  are  intensely  inflamed,  as  stated  above,  the  skin  and 
subcutaneous  tissue  of  the  face,  neck,  chest,  and  even  abdomen, 
is  found  enormously  ccdematous,  the  pericardium,  pleura, 
lungs,  and  peritoneum  very  much  inflamed,  their  cavities 
filled  with  a large  quantity  of  exudation.  The  exudations  of 
the  conjunctiva,  pericardium,  peritoneum,  the  cedematous  skin 
and  subcutaneous  tissues  contain  no  infectious  property,  and 
as  a rule  no  bacilli  or  spores  of  any  kind,  if  examiued  in  the 
living  animal  or  immediately  after  death. 

There  is  one  point  which  requires  careful  consideration,  it 
is  this  : Sattler  states  that  he  has  cultivated  the  bacillus,  taken 
from  a poisonous  jequirity  infusion,  through  several  successive 
generations  on  solid  material,  and  with  the  new  cultures  he 
was  able  to  produce  the  jequirity  ophthalmia.  I have  no  doubt 
whatever  that  this  is  really  the  case,  but  it  bears  an  inter- 
pretation different  from  the  one  Sattler  gave  it.  Sattler,  and 
most  pathologists,  would,  of  course,  say  this  ; if  any  micro- 
organism taken  from  a soil  that  possesses  infective  properties 
be  carried  through  many  successive  artificial  cultivations,  all 
accidentally  adhering  matter  would  hereby  become  so  diluted 
that  it  may  be  considered  as  practically  lost ; that  is  to  say, 
the  organisms  of  the  further  generations  have  become  alto- 
gether free  of  that  matter.  If  the  organisms  of  these  further 
generations  still  possess  the  same  poisonous  property  as  the 
original  material,  then  we  must  conclude  that  this  poisonous 
principle  is  identical  with  the  micro-organism.  I do  not  agree 
with  this  whole  chain  of  propositions,  although  I agree  with 
some  parts.  If  a micro-organism  be  carried  through  several 
successive  cultivations  in  a fluid  medium,  always  using  for 
inoculation  of  a new  culture  an  infinitesimal  dose,  and  as 
nourishing  medium  a comparatively  large  quantity  of  fluid, 
then,  no  doubt,  carrying  on  the  cultivations  through  four,  five, 
or  six  successive  cultures,  any  accidentally  adhering  original 
matter  becomes  practically  lost,  and  if  then  the  organism  still 
possesses  the  same  poisonous  action  to  the  same  degree  as  the 
original  material,  then  no  doubt  the  conclusion  that  organism 
and  poison  are  in  this  case  identical  becomes  inevitable.  But 
this  is  not  the  case  with  the  jequirity  bacillus.  Taking  from 
a poisonous  jequirity  infusion  full  of  the  bacilli  one  to  two 
drops,  and  inoculating  with  it  a test-tube  containing  about 
four  to  five  cc.  of  nourishing  material,  and  using  this  at  once 
without  previous  incubation,  we  find  that  even  a few  drops  of 
this  so  diluted  fluid  still  possess  poisonous  action.  Precisely 
the  same  result  is  obtained  when  taking  from  a perfectly  fresh 
jequirity  infusion,  le.  before  any  organisms  have  made  their 
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appearance,  one  to  two  drops,  and  diluting  them  with  four  to 
five  CO.  of  distilled  water,  and  using  of  this  diluted  fluid  one 
to  two  drops  for  inoculating  the  conjunctiva  of  healthy  rabbits, 
severe  ophthalmia  will  be  the  result.  Carrying  on  the  culti- 
vation of  these  bacilli  started  from  a poisonous  iniusion,  for  a 
second  generation  in  fluid  medium,  no  trace  of  any  poisonous 
action  can  be  now  detected,  any  quantity  of  such  a cultivation 
is  incapable  of  producing  ophthalmia.  Sattler  used  in  his 
cultivations  solid  nourishing  material,  on  the  surface  of  which 
he  deposited  his  drop  of  poisonous  jequirity  infusion  contain- 
ing the  bacilli  ; after  some  days’  incubation,  the  bacilli  having 
become  greatly  multiplied,  he  took  out  from  this  second 
culture  a drop,  and  transferred  it  to  a new  culture  tube  of 
solid  material,  and  so  he  went  on ; every  one  of  these  cultures 
possessed  poisonous  action.  Clearly  it  would,  since  he  always 
used  part  of  the  original  fluid  deposited  on  the  surface  of  the 
solid  nourishing  material.  Part  of  this  (being  gelatine)  be- 
came by  the  growth  liquefied,  but  considering  that  Sattler 
started  with  infusions  of  considerable  concentration — he  left 
the  seeds  for  many  hours  and  days  in  the  infusion — it  is  not  to 
be  wondered  at  that  this  would  bear  a considerable  amount  of 
dilution,  and  still  retain  its  poisonous  properties.  Erom  all 
this  we  see,  then,  that  the  jequirity  bacillus  se  has  nothing 
1o  do  with  the  poisonous  principle  of  the  jequirity  seeds, 
but  that  this  principle  is  a chemical  ferment  in  some  respects 
(in  its  inabilLty  to  withstand  boiling)  similar  to  the  pepsin 
ferment.^ 

(C)  The  third  case,  in  which  an  experimental  attempt  has 
been  made  to  transform  a common  septic  into  a specific  or 
pathogenic  micro-organism,  is  exemplified  by  the  common 
mould,  aspergillus,  a mycelial  fungus.  But  since  this  point 
has  been  discussed  already  in  Chapter  XV.  I need  not  liere 
enter  into  it  again,  suffice  it  to  say  that  certain  species  of 
aspergillus  possess  the  power  of  maldng  in  the  rabbit  a general 
mycosis,  and  this  power  they  possess  ab  initio ; other  kinds  of 
aspergillus  do  not  possess  this  character  and  cannot  acquire  it 
under  any  conditions. 

* Since  this  hns  been  in  print,  I became  aware  that  Messrs.  Warden  and 
Waddell  published  in  Calcutta  during  the  present  year  a most  valuable  memoir, 
detailing  a large  number  of  observations  on  the  jequirity  poison,  which  are  in 
cotnplete  harmony  with  my  own  observations.  They  have  definitely  proved, 
that  the  active  principle  is  a proteid-;-a6rm — closely  allied  to  native  albumen  ; 
that  its  action  is  similar  to  that  of  a soluble  ferment,  that  it  can  be  isolated, 
and  that  it  is  contained,  not  only  in  the  seeds  but  also  in  the  root  and  stem  of 
Abrus  precaloriui. 
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. Tims  also  this  third  case  of  a transformation  of  a common 
into  a specific  organism  due  to  altered  conditions  of  urowth 
lalls  to  the  ground.  ® 

. might  be  now  ashed,  how  about  those  cases  in  which  by 
injection  of  very  small  quantities  of  putrid  organic  substances,- 
pyaimia  or  septicaemia,  has  been  produced  in  rodents  ? Take 
the  case  of  Davaine  s septicaemia  in  rabbits.  This  disease  has 
been  produced  in  rabbits  by  Davaine,  Coze  and  Feltz,  and  by 
many  other  observers,  by  iiij ecting  into  the  subcutaneous  tis.sue 
of  healthy  rabbits  small  quantities  of  putrid  ox’s  blood.  The 
rabbits  die  in  the  course  of  a day  or  two,  and  their  blood  is 
found  teeming  -with  minute  organisms,  which  prove  to  be 
bacterium  termo  ; every  drop  of  this  blood  possesses  infective 
properties  ; when  inoculated  into  a rabbit  it  produces  septic- 
aemia with  precisely  the  same  appearances  as  before.  Pasteur 
and  Koch  have  succeeded  in  producing  septicaemia  in  mice  and 
rabbits,  and  especially  in  guinea-pigs,  by  inoculating  them 
mibcutaneously  with  garden  earth  or  with  putrid  fluid.  This 
is  Pasteur  s septicamiia,  or  Koch’s  malignant  oedema ; it  is 
characterised  by  oedema  at  the  seat  of  inoculation,  and  spread- 
ing  hence  in  the  subcutaneous  tissue  of  the  surrounding 
parts.  The  animals  die  generally  in  twenty-four  to  seventy- 
two  hours. 

Koch  has  produced  by  injection  of  small  quantities  of 
putrid  fluids  into  the  subcutaneous  tissue  of  mice  a peculiar 
septicaemia  ; the  animals  sometimes  die  in  forty  to  sixty  hours, 
and  the  white  corpuscles  of  the  blood  are  found  crowded  with 
exceedingly  minute  bacilli.  Koch  succeeded  also  in  producing 
a pyaemia  in  rabbits  by  injection  of  putrid  fluids,  and  this 
pyaemia  is  characterised  by  zoogloea  of  minute  micrococci  being 
present  in  the  blood-vessels.  Further,  a progressive  necrosis 
in  mice  by  inoculating  them  with  putrid  fluids,  the  necrosis 
being  due  to  the  growth  of  micrococci  and  spreading  from  the 
seat  of  inoculation,  and  destroying  as  they  spread  all  the 
elements  of  the  tissue.  All  these  cases  have  been  minutely 
described  by  Koch  in  his  classical  work.  Die  Aetiologie  der 
WundwfectiovsJcranJcheiten,  Leipzig,  1879.  I have  in  addition 
mentioned  in  Chapter  VII.  § 13  a micrococcus  causing  abscess 
and  pyaemia  in  mice. 

Now  do  these  cases  prove  that  septic  micro-organisms,  living 
and  thriving  in  putrid  organic  fluids,  can,  when  introduced 
into  the  body  of  animals,  owing  to  some  peculiar  unkno-wn 
condition,  so  change  as  to  produce  a fatal  infectious  disease  ? 
I must  say,  with  Koch,  who  has  very  ably  discussed  all  these 
points,  ‘ No.’  Those  organisms  which  are  connected  with  the 
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above  morbid  processes  possess  this  pathogenic  power  ah  initio, 
not  clue  to  any  peculiar  condition  ol  growth. 

Amongst  the  legion  of  different  species  of  micrococci  and 
bacilli  occurring  in  putrid  substances,  the  great  majority  are 
quite  harmless  ; when  introduced  into  the  body  of  an  animal 
they  are  unable  to  grow  and  to  multiply,  and  therefore  are 
unable  to  produce  any  disturbance.  But  some  few  species 
there  are  which,  although  ordinarily  growing  and  thriving  in 
putrid  substances,  possess  this  power,  that  when  introduced 
into  the  body  of  a suitable  animal  they  set  up  here  a specific 

dj.S6ciS0 

One  of  the  best  studied  cases  is  that  of  the  bacillus  anthracis. 
This  organism  is  capable  of  growing  well  and  copiously  out- 
side the  body  of  an  animal,  it  thrives  well  wherever  it  finds 
the  necessary  conditions  of  temperature,  moisture,  and  nitro- 
genous material ; when  it  finds  access  into  the  body  of  a 
suitable  animal  it  produces  the  highly  infectious  fatal  malady 
known  as  anthrax.  The  micrococcus  of  erysipelas  is  now  well 
known  through  the  admirable  researches  of  Fehleisen  to  be 
capable  of  existence  and  multiplication  outside  the  animal 
body  ; it  grows  well  in  artificial  cultures,  so  does  the  tubercle 
bacillus  of  Koch,  so  does  the  bacillus  which  I described  of 
swine-plague,  mentioned  in  a former  chapter,  and  so  do  other 
micro-organisms.  Davaine’s  septicsemia  in  rabbits,  Koch’s 
septicaemia  in  mice,  &c.,  &c.,  cannot  be  produced  by  every 
putrid  blood  or  putrid  organic  fluid,  only  by  some,  only  now 
and  then,  i.e.  when  the  particular  micro-organism  capable  of 
inducing  the  disease  is  present  in  those  substances,  and  then 
only  when  it  finds  access  into  a suitable  animal.  Davaine’s 
septicaemia  of  rabbits  cannot  be  induced  in  guinea-pigs,  Koch’s 
septicaemia  of  mice  cannot  be  induced  in  guinea-pigs,  anthrax 
bacilli  cannot  induce  the  disease  in  dogs,  and  so  with  the  other 
micro-organisms. 

We  conclude  then  from  this  that  some  definite  micro- 
organisms, although  as  a rule  existing  and  growing  in  various 
substances  of  the  outside  world,  have  the  power  when  finding 
access  into  the  body  of  a suitable  animal  to  grow  and  thrive 
here  also,  and  to  induce  a definite  pathological  condition.  But 
this  power  they  have  ah  initio.  Those  that  do  not  possess  this 
power  cannot  acquire  it  by  any  means  whatever.  Just  as  there 
are  species  of  plants  which  act  as  poisons  to  the  animal  body, 
and  other  species  of  plants  which,  although  belonging  to 
tlie  same  group  and  family,  and  although  very  much  alike  to 
the  others,  have  no  such  power  and  cannot  acquire  such  a 
powder  by  any  means,  so  there  are  micro-organisms  which 
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are  pathogenic  wliile  otliers  are  quite  harmle.ss.  The  latter 
remam  so  no  matter  under  wliat  conditions  and  for  how  lone 
they  grow,  ® 

I have  made  a series  of  experiments  with  the  view  to  obtain  • 
pure  cultivations  of  definite  septic  micro-organisms : various 
species  of  micrococci,  bacterium  termo,  and  bacillus  subtilis, 
of  winch  the  morphological  characters  could  with  precision  be 
ascertained  and  which  at  starting  were  tested  to  be  barren  of 
any  power  of  inducing  disease.  I have  cultivated  these  in  pure 
cultivations  for  many  generations,  and  under  varying  conditions, 
and  then  I have. inoculated  with  them  a large  number  of 
animals  (mice,  rabbits,  and  guinea-pigs)  ; and  to  put  it  briefly, 

I have  not  found  that  hereby  any  of  them  acquired  the  least 
pathogenic  power. 


CHAPTER  XVIII. 


VITAL  PHENOMENA  OP  NON-PATHOGENIC  ORGANISMS. 

As  has  been  stated  in  a former  chapter,  all  putrefaction  of 
organic  matter  is  associated  with  micro-organisms.  It  is  now 
generally  admitted,  because  based  on  a large  number  of  exact 
experiments  (by  Schwann,  Mitscherlich,  Helmholtz,  Pasteur, 
Cohn,  Burdon  Sanderson,  Lister,  W.  Roberts,  Tyndall,  and 
many  others),  that  organic  matter  kept  safe  from  becoming 
contaminated  with  micro-organisms  of  the  air,  water,  and  filth, 
remains  free  of  them,  and  consequently  of  the  form  of  decom- 
position which  is  generally  considered  as  putrefactive  ; namely, 
the  changing  of  proteids  into  soluble  peptones ; then  the 
splitting  up  of  these  into  leucin  and  tyrosin  ; further  the 
decomposition  of  these  and  other  crystallisable  nitrogenous 
bodies  into  comparatively  low  compounds.  These  in  their 
turn  by  oxidation  ultimately  yield  ammonia,  and  its  salts 
and  nitrates  of  inorganic  elements,  with  the  simultaneous 
development  of  certain  gases,  e.ff.  ammonia,  sulphuretted 
hydrogen,  and  other  products,  belonging  to  the  aromatic  series. 
The  view  now  generally  entertained  is  that  the  organisms 
cause  disintegration  of  nitrogenous  compounds  by  withdraw- 
ing from  them  certain  molecules  of  nitrogen,  building  up  with 
these  their  own  protoplasm.  Similarly  carbohydrates  and 
inorganic  salts,  as  phosphates,  potassium,  and  sodium  salts, 
are  dissociated  by  them,  inasmuch  as  they  require  a certain 
amount  of  carbon,  phosphorus,  potassium,  and  sodium,  for 
building  up  their  own  bodies.  In  this  process  of  decomposition 
certain  alkaloids  are  produced,  the  composition  of  which  is  not 
accurately  known,  and  which  are  called  by  the  collective  name 
of  ptomaines  (Selmi  and  others).  - These  alkaloids  are  known 
to  have  a poisonous  (toxic)  effect  when  introduced  in  sufficient 
quantities  into  the  system  of  a living  animal.  Very  possibly 
the  poisonous  property  of  some  articles  of  food,  that  have 
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undergone  putrefaction  or  some  unknown  kind  of  fermen- 
tation, IS  caused  by  some  ferment,  tlie  product  of  micro- 
aSes™^  ’ (sausage  poisoning,  poisoning  by  bad  fish  and  other 

Gaspard,  Panum,  Bergmann,  Billroth,  Burdon  Sanderson, 
Gutmann  and  Semmer,  and  many  others  have  shown,  that  by 
putrefaction  of  animal  substances,  a substance  can  be  obtained 
—the  septic  poison  or  sepsin — which  can  be  isolated  by  various 
chemical  processes  destructive  of  every  living  micro-organism, 
and  which  on  injection  into  the  vascular  system  of  animals 
especially  dogs,  in  sufficient  quantities,'  produces  a marked 
febrile  rise  of  temperature,  and  is  capable  of  causing  death  with 
the  symptoms'oi  acute  poisoning,  e.g.  .shivering,  vomiting  and 
spasms,  torpor,  collapse  and  death.  On  post-mortem 
there  is  found  severe  congestion  and  haimorrhage  of  the 
inte^ine,  particularly  the  duodenum  and  rectum  ; hsemorrhaf’e 
in  the  pleura,  lungs,  pericardium,  and  endocardium  ; con- 
gestion and  hsemorrhage  in  the  peritoneum.  This  pulHd  infec- 
tion, or  putrid  intoxication,  leads  to  death  in  twelve  to  twenty- 
four  hoiiTS,  or  even  less.  On  injecting  smaller  quantities 
only  a lebrile  disturbance  is  noticed,  cevere  symptoms  and 
death  only  following  after  injection  of  considerable  quantities, 
such  as  several  centimetres  of  putrid  fluid.  There  is  a priori 
no  reason  why  something  like  putrid  intoxication  should  not 
occur  as  a pysemic  affection  in  the  human  subject ; if,  for 
instance,  at  an  extensive  wound,  e.g.  after  amputation  of  a 
limb,  a large  surface  of  suppurating  tissue  is  established,  on 
which,  as  is  well  known,  numbers  of  putrefactive  organisms 
are  capable  of  growing,  it  is  possible  and  quite  probable,  that 
here  these  organisms  produce  the  septic  poison,  which  when 
absorbed  into  the  system  in  sufficient  quantities  produces  septic 
intoxication.  Eroin  this  aflection  septicaimia  proper,  due  to 
absorption  of  a specific  organism  by  a small  open  wound  or 
a vein,  which  increases  within  the  body,  and  therefore  is  a 
living,  growing,  and  self-multiplying  thing  producing  foetal 
septicEEmia,  must  be  carefully  distinguished.  As  Lister  has 
shown,  under  careful  antiseptic  dressing  of  wounds,  putrid 
intoxication  as  well  as  septicaemic  infection  is  rare  or  does  not 
occur  at  all. 

These  putrefactive  processes  must  be  distinguished  from 
certain  fermentative  processes,  in  the  course  of  which  by 
introducing  a definite  micro-organism — zymogenic  organism — 
into  a definite  substance,  definite  chemical  products  are  pro- 
duced. Thus  the  tornla  cervisise  or  saccharomyces  introduced 
into  a solution  containing  sugar,  produces  alcoholic  fermenta* 
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tion,  i.c.  oxidation  and  splitting  np  of  sugar  into  alcohol  and 
carbonic  acid. 

The  bacterium  lactis  introduced  into  substances  containing 
lactic  sugar,  moist,  or  grape  sugar,  produces  by  oxidation  a con- 
version of  the  sugar  into  lactic  acid  and  carbonic  acid  (?).  A 
micrococcus  (see  a former  chapter)  produces,  according  to 
Pasteur,  the  conversion  of  dextrose  into  a sort  of  gum,  called 
by  Bdcbamp  viscose,  and  recognised  by  Pasteur  as  the  cause  of 
the  viscous  change  of  wine  and  beer.  The  urea  in  the  urine 
is  converted  by  the  micrococcus  urese  (Pasteur)  into  carbonate 
of  ammonium.  Solutions  containing  starch,  dextrin,  or  sugar, 
infected  with  the  bacillus  amylobacter  yield,  as  mentioned  in  a 
former  chapter,  butyric  acid.  The  same  bacillus  converts 
glycerine  (Pitz)  into  butyric  acid,  ethyl-alcohol,  &c.  Alcohol 
is  oxidised  by  the  presence  of  a definite  micrococcus  (Pasteur) 
into  acetic  acid. 

A species  of  minute  bacillus  subtilis  produces  from  fats 
butyric  acid  (Pasteur,  Cohn),  and  many  kinds  of  micro- 
organisms form  pigmentary  bodies,  e.g.  those  producing  the 
blue  colour  of  milk. 

Wliat  the  chemical  influence  of  pathogenic  organisms  on 
animal  tissues  may  be  is  not  yet  known  ; and  even  when  they 
grow  outside  the  body,  i.e.  in  artificial  cultures,  it  is  not  yet 
known  what  their  chemical  effect  on  the  nourishing  material 
is,  except  that,  as  is  the  case  with  all  other  organisms,  putre- 
factive and  pathogenic,  they  continue  to  grow  and  multiply  as 
long  as  there  are  present  the  necessary  substances,  i.e.  until  the 
medium  is  “ exhausted.” 

From  the  enormous  number  of  micro-organisms  present  in 
the  outer  world,  it  is  clear  that  the  rdle  they  play  in  the 
disintegration  of  higher  organic  bodies  into  lower  compounds, 
as  well  as  in  the  building  up  of  new  compounds,  is  a very 
important  one  ; to  mention  but  one  series,  to  wit,  the  enormous 
importance  they  have  for  the  vegetable  kingdom  in  reducing 
nitrogenous  compounds  to  soluble  nitrates  of  inorganic  salts, 
so  essential  to  the  existence  and  growth  of  our  common  field 
.crops  (Lawes). 


One  of  the  most  interesting  facts  observed  in  the  growth  of 
septic  micro-organisms  is  this,  that  the  products  of  the  de- 
composition .started  and  maintained  by  them  have  a most 
detrimental  influence  on  themselves,  inhibiting  their  power 
of  multiplication,  in  fact,  after  a certain  amount  of  these 
products  has  accumulated,  the  organisms  become  arre.sted  in 
their  growth,  and  finally  may  be  altogether  killed.  Thus  the 
substances  belonging  to  the  aromatic  series,  e.g.  indol,  skatol, 
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phenol,  and  otliers,  which  are  produced  in  the  course  of 
putrelaction  of  proteids,  have  a most  detrimental  influence 
on  tlie  life  of  many  micro-organisms,  as  has  been  shown  by 
Wernich  and  others  (see  Antiseptics). 

_ It  is  not  well  known  whether  in  all  or  in  some  of  these 
instances  the  organisms  produce  the  chemical  effects  by  creatincr 
a special  zymogen  or  ferment,  and  by  this  create  the  chemical 
disturbance,  or  whether  they  merely  dissociate  the  compounds 
by  abstracting  for  their  own  use  certain  molecules  ; but  this 
much  IS  known,  that  in  consequence  of  this  chemical  disturb- 
ance defanite  chemical  substances  are  produced.  It  is  quite 
possible  that  the  pathogenic,  like  the  zymogenic,  organisms 
have  this  special  character,  that  if  the  soil  (animal  body)  con- 
tains a certain  chemical  substance,  they  are  capable  of  growin" 
and  thus  capable  of  producing  a definite  zymogen  or  ferment 
putrefactive  and  zymogenic  organisms  a 
definite  soil  may  be  capable  of  furnishing  suitable  material  for 
various  organisms  at  the  same  time  ; as  a matter  of  fact  this  Ls 
what  one  constantly  meets  with  in  ordinary  putrefaction  of 
vegetable  and  animal  matter,  which  teem  with  various  species 
of  micro-organisms.  But  as  a rule  it  will  be  observed  that  one 
species  is  more  apt  to  find  a suitable  soil  in  this  substance  than 
others  ; and  then  it  will  be  found  that  this  one  organism,  above 
all  others,  grows  more  numerously  ; and  when  it  has  done 
growing,  that  is,  when  it  has  exhausted  its  own  peculiar 
pabulum,  another  organism,  not  dependent  on  this,  but  on 
some^  other  substance  still  present,  makes  a good  start  and 
multiplies  accordingly.  Thus  one  finds  constantly  that,  a 
fluid,  supposing  it  contains  a variety  of  proteids,  carbohydrates, 
and  salts,  having  become  infected  with  micrococcus,  and 
various  species  of  bacilli,  in  the  first  days  or  weeks  chiefly 
micrococci  are  present ; afterwards  when  the  micrococci  have 
done  multiplying  and  sink  to  the  bottom  of  the  fluid,  this 
latter  gradually  becomes  filled  with  a variety  of  bacilli.  Or  if 
micrococcus  and  bacterium  termo  be  sovm  at  the  same  time  in 
a suitable  fluid,  we  find  that  at  first  only  the  bacterium  termo 
increases  rapidly  ; afterwards,  when  this  has  ceased  multiply- 
ing, the  micrococcus  takes  the  field.  In  still  other  cases,  as 
in  putrid  blood,  exudation  fluid,  particularly  in  putrefying 
solid  parenchymatous  or  other  substances,  various  kinds  of 
micro-organisms  grow  on  simultaneously  in  different  parts  of 
the  material. 

Tlie  same  holds  good  for  the  zymogenic  organisms.  A 
solution  containing  sugar  is  a very  fit  soil  for  saccharomyces  ; 
when  this  has  exhausted  the  material,  i.e.  when  all  the  sugai: 
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has  been  split  up  into  alcohol  and  carbonic  acid,  the  latter 
escaping  as  gas,  then  the  material  is  ready  for  the  organisms 
capable  of  converting  the  alcohol  into  acetic  acid.  The  two 
kinds  of  organisms  may  be,  however,  growing  at  the  same  time, 
the  saccharomyces  leading. 

Septic  or  putrefactive  organisms  then,  like  zymogenic  and 
pathogenic  organisms,  are  cateris  paiibus,  dependent  for  their 
growth  on  the  presence  of  the  suitable  nourishing  material. 
And,  as  we  have  seen,  they  differ  materially  from  one  another 
in  this  respect ; while  putrefactive  organisms  find  in  almost 
all  animal  and  vegetable  fluids  the  necessary  substances  for 
nutrition,  the  zymogenic  and  pathogenic  organisms  are  much 
more  limited  in  these  respects,  l^ere  there  is  no  alcohol 
present  the  organisms  producing  the  acetic  acid  fermentation 
cannot  grow  ; where  there  is  no  sugar  or  a similar  substance 
present  the  saccharomyces  cannot  grow,  and  so  also  a particular 
pathogenic  organism — the  bacillus  anthracis — cannot  grow  in 
the  living  tissues  of  the  living  pig,  dog,  or  cat,  but  grows  well 
in  those  of  rodents,  ruminants,  and  man  ; the  bacillus  of 
swine-plague  grows  well  in  the  pig,  rabbit,  and  mouse,  but  not 
in  the  guinea-pig  or  man. 

Septic  organisms  differ  also  from  pathogenic  organisms  in 
this,  that  the  former  are  capable  of  grovung  in  fluids  contain- 
ing only  simple  nitrogenous  compounds,  e.r/.  tartrate  of  am- 
monia, whereas  pathogenic  organisms  require  more  complex 
combinations,  proteids,  or  allied  nitrogenous  substances.  Thus, 
for  instance,  in  Cohn’s  and  Pasteur’s  fluids  septic  micrococcus, 
bacterium,  and  bacillus  grow  well  and  copiously,  but  patho- 
genic organisms  absolutely  refuse  to  grow  in  them ; even 
bacillus  anthracis,  which  appears  the  least  selective,  cannot 
make  a start  in  it.  Some  organisms,  e.g.  tubercle-bacilli, 
require  the  most  complex  nitrogenous  compounds  ; they  refuse 
to  grow,  for  instance,  in  broth  in  which  anthrax-bacilli,  bacilli 
of  swine-plague,  micrococcus  diphtheriticus  and  erysipelatous 
can  grow  well. 

All  septic  and  zymogenic  organisms  properly  so-called,  and 
described  in  former  chapters,  differ  in  this  essential  respect 
from  pathogenic  organisms,  that  the  former  two  absolutely 
refuse  to  grow  in  the  living  tissues  of  a living  animal. 

As  was  stated  in  former  chapters,  it  is  not  at  all  uncommon 
to  find  masses  of  micrococci  in  tissues  which  during  the  life  of 
the  subject  have  become  dead  or  necrotic,  or  so  severely 
changed  by  inflammation  or  otherwise  that  they  may  be  con- 
sidered as  practically  dead.  In  the  diseased,  necrotic,  intestine, 
the  liver,  the  spleen,  in  abscesses,  in  the  subcutaneous,  sub- 
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mucous,  or  parenchymatous  tissues,  masses  of  micrococci  have 
been  noticed  whicli  in  no  way  bear  any  intimate  relation  to 
disease,  merely  finding  in  the  dead  or  severely  diseased  tissues 
a suitable  nidus  for  their  ^owth  and  multiplication.  But 
they  may  be  present  even  in  organs  which  show  no  severe- 
disOTgamsation  ; thus,  for  instance,  in  fatal  cases  of  small-pox, 
typhoid  lever,  pyannia,  even  inl’antile  diarrhoea,  masses  of 
micrococci  may  be  found  in  and  around  the  blood-vessels  in 
the  hv6r  and  spleen.  In  all  these  cases  the  micrococci  are 
capable  of  growing,  because  owing  to  the  severe  general 
disorder  these  tissues  have  before  the  actual  death  of  the 
patient  lost  their  vitality,  and,  consequently,  are  unable  to 
resist  the  immigration  and  settlement  of  the  micrococci.  Of 
the  same  character  are  the  masses  of  bacilli  one  meets  with 
sometimes  in  the  intestinal  wall,  liver,  and  mesenteric  glands’ 
after  death  from  severe  disorder  of  the  bowels,  e.g.  typhoid 
fever  and  dysentery.  I cannot  for  a moment  accept  the  view 
ol  Klebs  and  Koch,  that  the  presence  of  the  bacilli  mentioned- 
in  a former  chapter  necessarily  stand  in  any  causal  relation  to 
typhoid  lever,  seeing  that  they  are  not  constant,  and  particularly 
that  they  are  found  in  organs  directly  connected  with  the 
intestines,^  which  we  Icnow  are  in  this  disease  in  an  intense 
state  of  disorganisation. 

The  question  arises  : Where  do  the  micrococci  and  bacilli 
come  from  which  are  thus  capable  of  settling  in  a disorganised 
tissue  even  during  the  life  of  the  subject  ? There  can  be  no 
doubt  that  as  regards  the  intestinal  wall,  the  mesenteric  glands, 
the  liver,  and  the  spleen,  the  organisms  could  readily,  in  cases- 
of  severe  disorganisation  of  tlie  intestine,  immigrate  from  the 
cavity  of  the  bowel,  where  they  are  normally  present,  into 
the  wall  of  the  intestine,  and  moreover  be  absorbed  together 
with  the  products  of  disorganised  tissue  into  the  mesenteric 
lymphatic  glands,  the  liver,  and  the  spleen.  Further,  it  is  not 
difficult  to  explain  that  if  a focus  of  inflammation  or  necrosis 
be  set  up  at  various  internal  places  in  consequence  of  emboli, 
carried  from  an  inflammatory  focus  to  which  micrococci  or 
bacilli  from  the  outer  world  have  access,  e.g.  the  skin,  ali- 
mentary canal,  respiratory  organs,  these  internal  places  or 
metastases  would  harbour  the  same  organisms,  and  as  soon  as 
disintegration — abscess,  caseation,  or  necrosis— takes  place  in 
these  metastases,  also  the  imported  organisms  would  multiply 
to  a great  extent,  the  tissue  being  shut  out  from  the  circulation 
and  practically  dead. 

All  this  I say  is  not  difficult  of  explanation  if  we  bear  in 
mind  that  the  products  of  an  inflammatory  focus  to  which 
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organisms  liavG  ready  access  from  tlie  outer  world  become 
themselves  a ready  nidus  for  these  organisms ; and  when  some 
of  these  products  are  absorbed  and  taken  into  the  general 
circulation  to  act  as  emboli  and  thus  to  set  up  inflammation  in 
distant  regions,  the  organisms,  embedded  in  and  shielded  by 
those  products  from  any  destructive  action  the  living  blood  in- 
the  circulation  may  be  capable  of  exerting,  are  thus  trans- 
ported to  the  new  foci  of  inflammation  and  disintegration, 
resulting  from  the  emboli.  All  this  is  self-evident,  and  does 
not  require  more  proof  than  what  is  already  known,  and  it 
follows  from  such  considerations  that  the  presence  of  micro- 
cocci and  bacilli  in  the  tissues  of  internal  organs  in  severe 
cases  of  disease,  when  some  of  the  organs  become  disorganised 
before  the  actual  death  of  the  body,  or  in  secondary  foci  of 
severe  inflammation  and  necrosis,  may  have  no  connection 
whatever  with  the  original  cause  of  the  disease  or  necrosis, 
may  be,  and  probably  are,  simply  due  to  a transportation  and 
immigration  of  non-pathogenic  putrefactive  organisms. 

A most  striking  case  of  this  kind  I met  with  in  mice  dead 
of  sivine-plague  ; the  bowels  were  severely  inflamed,  and  in 
the  liver  there  were  present  necrotic  patches,  an  almost 
constant  symptom  of  the  disorder  ; in  such  necrotic  patches 
the  capillary  blood-vessels  are  sometimes,  not  always,  found 
distended  and  plugged  with  the  zoogloea  of  putrefactive  micro- 
cocci, which  have  nothing  to  do,  specifically,  with  the  real 
disease  (see  a former  chapter). 

c . The  cavity  of  the  alimentary  canal,  small  and  large  intestine, 
especially  the  latter,  contains  under  normal  conditions  in- 
numerable masses  of  putrefactive  micro-organisms.  These 
being  much  smaller  than  chyle- globules,  must  of  necessity 
become  as  easily  absorbed  as  Ihe  latter  by  the  lacteals,  and  by 
these  are  carried  into  the  general  circulation ; but  being  putre- 
factive they  are  unable  to  exist  in  the  normal  blood  and 
normal  tissues,  and  therefore  in  healthy  condition  perish. 
But  if  there  be  in  any  part  a focus  of  disorganisation  they 
can  settle  there  and  propagate,  provided  they  get  there  through 
the  blood  in  a living  condition.  Many  experiments  prove 
that  they  cannot  pass  unscathed  through  the  normal  healthy 
blood,  and  therefore  it  is  not  probable  that  they  would  reach 
such  a focus  in  a living  state  ; but  let  them  be  well  inclosed 
in  a solid  particle,  say  of  disorganised  tissue,  and  then  carried 
through  the  vascular  system,  and  we  can  quite  understand  that 
in  this  state,  i.e.  in  and  with  that  particle,  they  may  reach 
the  distant  focus  in  a living  state,  and  if  in  this  focus  the 
conditions  are  favourable  for  their  growth,  e.g.  if  there  is 
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^cordfnwly  ^ necrosis,  we  may  expect  them  to  multiply 

It  is  now  admitted  by  most  competent  observers  that  in  the 
healthy  and  normal  state  the  blood  and  tissues  contain  no 
micro-organisms  whatever,  and  that  the  assertions  to  the 
contrary  are  due  to  errors  in  the  experiment,  i.e.  to  accidental 
contamination.  I will  on  this  point  merely  refer,  amongst 
observations  of  Watson  Cheyne  i and 
b.  W.  Zahn.  Consequently  it  cannot  be  maintained  that  if 
m any  locus  of  disintegration  micro-organisms  make  their 
appearance  they  are  derived  from  those  normally  present  • we 
must,  on  the  contrary,  believe  that  putrefactive  organisms  can 
be  imported  from  parts  connected  with  the  outer  world  into 
distant  localities  in  which  disorganisation  of  tissues  has  taken 
place. 


It  is  clear  from  the  foregoing  that  after  death  micro-organisms 
wiU  readily  immigrate  into  the  various  tissues,  and  in  this  re- 
spect those  organs  situated  near  places  where  under  all  con- 
ditions micro-organisms  exist  will  be  the  first  to  be  invaded  by 
them  ; e.  <7.  the  lungs,  from  micro-organisms  present  in  the 
bronchi  and  air-cells  derived  from  the  outer  air,  the  walls  of 
the  alimentary  canal,  the  mesenteric  glands,  the  peritoneal 
cavity , the  liver,  and  the  spleen.  The  bacilli  possessed  of 
locomotion  are  particularly  to  be  mentioned  in  this  respect, 
but  other  non-motile  bacilli  and  micrococci  also  find  their  way 
into  these  organs ; thus  Koch  “ saw  only  a few  hours  after 
death  bacilli  (non-motile)  present  in  the  blood  of  the  arteries 
01  a healthy  person  who  had  died  by  strangulation. 


* Pathological  Transactions^  vol.  xxx. 
® Virchow's  ArchiVy  vol.  xcv. 
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CHAPTER  XIX. 


VITAL  PHENOMENA  OP  PATHOGENIC  ORGANISMS. 

As  has  been  stated  in  the  preceding  chapter,  the  specific 
micro-organisms  have  the  great  differential  character  that  they 
are  capable  of  existing  and  propagating  themselves  in  healthy 
living  tissues.  In  those  species  in  wliich  the  complete  series 
of_  proofs  has  been  furnished  to  establish  the  fact  that  the 
micro-organisms  are  intimately  associated  with  the  cause  of 
the  malady  _(e.y.  malignant  anthrax,  tuberculosis,  swine-plague 
.erysipelas),  in  which  it  has  been  shown  beyond  doubt : (a)  that 
an  animal  suffering  from  the  malady  contains  in  definite  dis- 
"tribution  the  particular  micro-organism,  {b)  that  the  micro- 
organisms, cleared  by  successive  artificial  cultures  from  any 
adhering  hypothetical  chemical  virus,  when  introduced  into  a 
suitable  animal  produce  the  malady,  (c)  that  every  such 
affected  animal  contains  the  micro-organism,  in  the  same  dis- 
tribution and  relation  to  the  diseased  organs  as  the  original 
animal  dead  after  disease— in  those  instances,  I say,  the  onlv 
w ay  of  understanding  the  effect  of  the  micro-organisms  is  to 
assume,  what  is  actually  the  case,  that  the  micro-organisms  in- 
troduced into  the  living  tissue  go  on  multiplying,  and  directly 
or  indirectly,  i.e.  themselves  or  by  their  products,  as  will 
, be  stated  below,  produce  certain  definite  disorders  in  the 
different  parts.  In  the  most  favourable  cases  (anthrax,  tuber- 
culosis), a single  organism  introduced  into  a suitable  locality 
m the  animal  body  will  be  capable  of  starting  readily  a new 
brood.  But  in  other  cases  it  is  necessary  that  an  appreciable 
number  of  the  organisms  be  introduced  in  order  to  start  a 
brood.  This  was  the  case  in  some  of  the  septiciemic  processes 
in  rodents  studied  by  Koch.i  The  period  between  the  time 
ol  mtroduction  of  the  organism  into  the  body  (blood,  shin, 
' Infectionskrankheiten,  loc.  cit. 
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or  mncons  membranes,  subcutaneous  tissue,  lungs,  alimentary 
canal)  and  the  production  of  the  new  brood  large  enough  to 
produce  a definite  effect  locally  or  generally,  corresponds  to 
the  incubation-period  of  the  disease,  and,  as  is  well  known, 
tliere  is  in  this  respect  a great  difference  in  the  different 
diseases.  Thus  in  anthrax  the  introduction  of  the  bacilli  into 
the  subcutaneous  tissue  of  a suitable  animal  is  followed  after 
from  sixteen  to  twenty-four  hours  or  more  by  a local  effect 
(ocdematous  swelling),  and  a few  hours  after  by  general  consti- 
tutional illness,  when  bacilli  can  as  a rule  be  found  in  the 
blood.  On  the  other  hand,  in  tuberculosis  after  the  introduc- 
tion of  the  hacilli  tuberculosis  into  the  subcutaneous  tissue, 
the  nearest  lymph-glands  show  the  first  signs  of  swelling  and 
inflammation  after  one  week  or  even  later,  and  the  general 
disease  of  the  internal  viscera  does  not  follow  until  one,  two,  or 
more  weeks  have  elapsed.  This  is  also  borne  out  by  observa- 
tions of  the  behaviour  of  these  bacilli  in  artificial  cultures  ; 
whereas  a suitable  material  inoculated  vdth  the  bacillus 
anthracis  and  kept  at  the  temperature  of  the  animal  body 
(38°  to  39°  C.),  shows  already  after  twenty-four  hours  a good 
crop  of  the  bacilli  ; in  the  case  of  the  tubercle-bacilli  the  first 
signs  of  a new  brood  are  not  noticed,  as  Koch  has  pointed  out, 
and  as  I have  had  in  several  instances  occasion  to  verify,  before 
ten  to  fourteen  days  have  passed. 

One  of  the  most  important  points,  and  the  most  difficidt  of 
comprehension,  is  this  power  of  the  pathogenic  organisms  to 
resist  the  influence  of  the  healthy  tissues  of  the  living  animals, 
a power  which  we  said  above  is  not  possessed  by  the  non- 
pathogenic  organisms.  A careful  analysis  shows  at  the  oiitset 
that  this  power  of  the  pathogenic  organisms  is  not  possessed  by 
them  indiscriminately,  for  while  a particular  species  is  in  some 
animals  capable  of  overcoming  the  influence  of  the  living  tissue, 
i.e.  to  multiply  and  to  produce  the  particular  disease,  in  other 
animals  it  is  not  capable  of  doing  this,  and  hence  the  animal 
remains  unaffected — it  is  said  to  be  not  susceptible  to  the  disease. 
Thus,  for  in.stance,  the  bacillus  anthracis  when  introduced  into 
a human  being,  or  a herbivorous  animal,  is  capable  of  multiply- 
ing and  of  producing  anthrax,  whereas  in  carnivorous  animals 
and  even  in  the  omnivorous  pig  it  is  not  capable  of  doing  so. 
Or  again,  the  bacillus  of  swine-plague  while  capable  of  produc- 
ing the  disease  in  swine,  rabbits,  and  mice,  is  not  capable  of 
doing  so  in  man,  bird,  the  guinea-pig,  or  carnivorous  animals. 
Now,  where  are  we  to  look  for  this  difference  in  behamour  ? 
The  tissues  and  juices  of  a pig  when  obtained  as  infusion  or 
otherwise  are  just  as  good  a nourisliing  material  for  the  bacillus 
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anthracis  as  the  tissues  and  juices  obtained  from  a herbivorous 
animal ; artificial  cultures  of  the  former  and  of  the  latter 
behave  in  exactly  the  same  manner,  both  as  regards  copiousness 
of  growth  and  virulence  of  the  bacilli.  Again,  artificial  cultures 
of  the  bacillus  of  swine-plague  made  in  juice  of  the  tissues  of 
the  guinea-pig  or  fowl  are  exactly  the  same  as  those  made  of 
the  juice  of  the  tissues  of  a rabbit  or  pig.  The  tissues,  there- 
fore, per  se  cannot  be  said  to  possess  any  inimical  action  on  the 
organisms.  The  living  condition  per  se  can  also  not  have  this 
power,  since  we  see  that  the  power  to  overcome  the  influence 
of  the  living  tissue  is  precisely  the  great  distinguishing 
character  of  pathogenic  organisms.  There  remains,  therefore, 
only  one  thing,  that  is  that  there  is  something  or  other  present 
in  a particular  tissue  to  which  this  latter  owes  its  immunity, 
and  this  something  must  of  necessity  be  connected  with  the 
tissue  while  alive,  as  we  said  before.  Now,  the  life  of  the 
tissue  in  the  pig  cannot  be  different  from  that  of  the  mouse,  if 
by  life  is  understood  the  function  of  the  tissue,  the  connexion 
with  the  vascular  and  nervous  systemj  and  all  the  rest  of  it. 
The  subcutaneous  connective  tissue  has  no  different  function, 
no  different  relation  to  the  vasciilar  and  nervous  system  in  the 
pig  from  what  it  has  in  the  mouse,  and  nevertheless  we  find 
that  it  behaves  so  differently  in  the  two  cases  towards  the 
bacillus  anthracis.  This  something  then,  which  inhibits  the 
growth  and  multiplication  of  the  bacillus  anthracis  in  the 
tissue  of  the  pig  but  not  in  the  mouse,  must  be  something 
which,  although  dependent  on  the  life  of  the  tissue,  is  not 
identical  with  any  of  the  characters  constituting  the  life  of  the 
tissue,  but  must  be  some  product  of  that  life.  To  assume  then, 
as  is  done  by  some  observers,  that  the  living  state  of  the  cells 
per  se  is  the  inhibitory  power  does  not  cover  the  fact.s,  as  we 
have  just  shown.  The  most  feasible  theory  seems  to  me  to  be 
this,  that  this  inhibitory  power  is  due  to  the  presence  of  a 
chemical  substance  produced  by  the  living  tissues.  It  does  not 
require  any  great  effort  to  conceive,  and  it  does  not  seem  at  all 
improbable,  that  the  blood  and  tissues  of  the  pig  contain 
certain  chemical  substances  which  are  not  present  in  the 
mouse,  substances  which  like  so  many  others  chemistry  is  not 
yet  capable  of  demonstrating.  But  that  there  exist  vast  and 
gross  differences  in  the  chemical  constitution  of  the  blood  and 
tissues  of  different  species  of  animals  there  can  be  no 
reasonable  _ doubt ; it  is  a fact  with  which  physiological 
chemistry  is  quite  familiar. 

We  arrive  then,  after  all  this,  at  the  conclusion  that  owing 
to  the  presence  in  the  blood  and  tissues  of  particular  chemical 
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BTibstances,  present  only  during  life,  and  a re.sult  of  the  life  of 
the  tissue,  tlie  organisms  in  a particular  case  cannot  thrive  and 
produce  the  disease.  And  further,  that  for  each  particular 
species  of  organism  there  is  a particular  chemical  substance 
required  to  exert  this  inhibitory  power,  for,  as  we  have  seen, 
while  the  anthrax -bacillus  is  not  capable  of  thriving  in  the  pi», 
it  does  well  in  the  guinea-pig,  while  the  bacillus  of  swine- 
plague  thrives  well  in  the  pig,  it  does  not  in  the  guinea-pig. 
The  incapability  of  non -pathogenic  organisms  to  thrive  in 
healthy  living  tissues  would  on  this  theory  be  explained 
by  the  assumption  that  these  chemical  sub-stances  present  in 
every  healthy  living  tissue  are  inimical  to  all  putrefactive 
organisms. 

, _ What  we  have  said  hitherto  refers  only  to  the  healthy  living 
■tissues.  It  is  quite  possible  to  imagine  that,  owing  .to  the 
presence  of  a particular  chemical  substance  in  the  healthy 
living  tissue,  a pathogenic  organism  is  not  able  to  thrive  in  a 
particular  animal  ; but  under  certain  abnormal  conditions, 
yvhen  for  instance  owing  to  a diseased  or  altered  state  of  the 
tissue  that  substance  is  absent,  the  organism  might  be  enabled 
to  exist  and  multiply  and  to  produce  the  disease.  Supposing 
it  to  be  true  that  a person  so  long  as  he  is  healthy  and  well  is 
able  to  successfully  %vithstand  the  growth  of  a particular 
pathogenic  organism,  he  is  then  unsusceptible  to  the  disease  ; 
but  we  can  understand  that  if  the  alimentary  canal  or  the 
■lungs  be  diseased,  then  the  organism  passing  into  the  bowels 
by  ingestion  or  into  the  lungs  by  inspiration  would  find  there 
•a  tissue  in  which  the  necessary  inhibitory  substance,  present  in 
the  healthy  state,  might  be  absent,  and  the  organism  would  be 
capable  of  thriving  and  of  producing  the  disease. 

The  next  point  to  consider  is  the  relation  of  the  specific 
micro-organism  to  the  essence  of  the  disease,  or  in  other  words 
the  question  whether  the  organism  itself  is  the  virus  or  whether 
this  latter  is  the  product  of  the  former,  something  in  the  same 
way  as  the  septic  ferment  is  the  product  of  the  putrefactive 
organisms  ? 

That  the  virus  in  the  infectious  diseases  is  intimately  con- 
nected wnth  the  organisms  is  proved  by  the  fact,  that  the  virus 
introduced  into  the  body  multiplies  ad  infinitum  ; for  instance, 
in  anthrax  or  tuberculosis  after  the  introduction  of  an  infini- 
tesimal dose,  we  find  the  disease  (maligant  anthrax  or  general 
tuberculosis  respectively)  sets  in  in  its  virulent  form  ; in  the 
first  case  everx^  drop  of  blood  teems  xvith  the  bacillus  anthracis  ; 
in  the  second  (tuberculosis)  every  tuberculous  caseous  particle 
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in  the  lymph-glands,  Rings,  spleen,  and  liver  contains  the' 
bacilli ; in  both  instances  crops  of  the  bacilli  are  produced  in 
the  afflicted  body,  and  every  particle  of  the  tissue  containing 
the  bacilli  is  capable  of  starting  the  disease  when  introduced- 
into  a fresh  subject.  Moreover  the  artificial  cultures  ot  tue 
pure  bacilli  are  possessed  of  the  same  pathogenic  powei. 
The  same  holds  good  for  leprosy,  for  erisypelas,  for  swine- 
plague,  &c.  So  that  the  proposition  that  the  organisms  are 
intimately  connected  with  the  virus  must  be  considered  as  well 

established.  . r 

But  even  after  this  it  remains  p open  question  whether  tHe 
organism  is  identical  with  the  virus,  or  whether  the  organism 
is  concerned  in  elaborating  the  virus — a sort  of  ferment  ; and' 
further,  whether  the  virus  being  the  latter’s  product,  is  obtain- 
able  apart  from  the  organism.  . • i 

Let  us  start  with  the  proposition  that  the  virus  is  a product 
of  the  organism,  a sort  of  non-organised  ferment,  but  not  the 
organism  itself,  although  this  latter  is  essential  for  the  creation 
of  the  latter. 

Inoculating  a few  bacilli  anthracis  into  the  subcutaneous 
tissue  of  a suitable  animal,  e.g.  a guinea-pig,  we  find  after 
twelve  to  twenty-four  hours  the  first  indica,tions  of  illness, 
consisting  in  a local  swelling  and  a general  rise  of  the  bodj- 
temperature.  At  this  time  there  are  present  in  the  local 
swelling  bacilli,  but  only  in  small  numbers  ; in  the  blood  the 
bacilli  are  very  scarce  indeed,  so  scarce  that  it  is  difficult  to 
meet  with  one  bacillus  in  an  appreciable  quantity  of  blood. 
By  this  time  then  the  bacilli  could  not  have  produced  the 
change  by  their  “ numbers”  alone.  Immediately  before 
death,  sometimes  some  hours,  we  find  in  most  instances 
the  blood  teeming  with  the  bacilli,  but  this  is  by  no  means 
in  all  cases  ; I have  seen  a considerable  number  of  deaths 
from  typical  anthrax  in  the  mouse,  guinea-pig,  rabbit,  and 
sheep,  occurring  from  forty-eight  to  sixty  hours  after  inocula- 
tion, in  which  the  number  of  bacilli  of  the  blood  and  tissues 
was  extremely  small  ; they  were  present,  but  only  here  and 
there  was  there  one  to  be  found.  That  the  bacilli  are  present 
some  hours  before  death  in  the  shape  of  spores,  as  has  been 
maintained  by  Archangelski,  I have  disproved  in  a former 
chapter.  In  those  cases  in  which  the  bacilli  are  scarce  even 
in  articulo  mortis  and  immediately  after  death,  the  scarcity  is 
not  due  to  the  bacilli  having  already  degenerated,  since  the 
degenerating  bacilli  are  not  noticeable  in  any  way  in  these 
instances.  It  remains  then  to  assume  that  death  occurs  in 
these  cases  not  owing  to  the  presence  of  the  bacilli  in  numbers  ; 
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that  18  to  say,  that  it  is  neither  owing  to  their  appropriating 
troni  the  blood-corpuscles  the  available  oxygen  neces.sarv  for 
their  inultiplication  (Bollinger)  and  thus  producing  death  bv 
asphyxia,  nor  to  their  mechanical  effect  in  plugging  up  the 
capillaries  ol  vital  organs,  a theory  upheld  by  some  observers 
irorn  the  fact  that  in  most  cases  the  capillaries  appear  filled  with 
the  bacilli,  and  in  some  cases  in  extensive  regions,  lung,  kidney 
and  spleen,  the  capillaries  are  almost  occluded  by  the  bacilli! 

e must  assume,  then,  that  although  as  a rule  immediately 
before  death  all  the  conditions  are  present  to  enable  the  bacilli 
to  multiply  readily  and  to  produce  a large  crop,  this  is  not 
necessarily  connected  with  the  cause  of  death,  being  in  fact  in 
consequence  of  the  animal  being  in  articulo  mortis  ; but  that 
the  immediate  cause  qt  death  is  the  chemical  alteration 
produced  by  the  bacilli  in  the  blood  and  tissues.  For  pro- 
ducing  this  effect  it  is  not  necessary  to  have  more  than  a certain 
number  of  the  bacilli.  As  soon  as  this  number  is  reached 
death  follows.  The  same  may  be  said  of  other  pathogenic 
organisms.  Thus  for  instance  in  the  case  of  tubercle-bacilli, 
after  the  introduction  of  these  into  the  subcutaneous  tissue  of 
a guinea-pig,  multiplication  takes  place,  and  after  they  reach  a 
certain  number,  the  nearest  lymph -glands  become  swollen  and 
inflamed  and  then  caseous  ; but  this  stands  in  no  relation  to 
the  number  of  the  bacilli,  for  in  some  instances  the  microscopic 
examination  reveals  only  very  few  bacilli,  they  are  scattered  in 
very  small  numbers  over  very  wide  areas.  And  the  same  is 
observed  in  the  tuberculous  deposits  of  the  internal  organs. 
In  some  of  them  the  bacilli  are  exceedingly  scarce,  while  in 
others  neither  more  nor  less  advanced  they  are  numerous. 
Here  also  we  must  assume  that  as  soon  as  a certain,  perhaps 
even  small,  number  of  the  bacilli  has  been  produced  the 
chemical  effect  produced  is  sufficient  to  be  the  cause  of  a 
certain  pathological  change.  In  glanders,  the  nodules  in  the 
skin  and_  lung  reveal  sometimes,  even  under  the  most  careful 
examination  after  approved  methods,  the  presence  of  but  very 
few  bacilli.  In  swine-plague,  in  the  lungs,  which  in  severe 
cases  are  enormously  affected,  sometimes  only  very  few  of  the 
pathogenic  organisms  can  be  discovered.  It  follows  then  that 
the  pathological  condition  brought  about  by  the  organisms  is 
not  due  to  the  direct  action  of  their  numbers  ; but  is  an  indirect 
sequence,  brought  about  by  definite  chemical  alterations  in  the 
blood  or  tissues  as  the  case  may  be. 

In  this  we  may  assume  two  theories  as  possible  : (a)  It  is 
possible  that  these  chemical  effects  are  produced  by  the 
presence  and  growth  of  the  organisms,  as  truly  as  in  the 
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alcoholic  fermentation  of  sugar  the  alcohol  produced  is  a result 
of  the  presence  of  the  saccharomyces  ; this  is  only  in  so  lar  a 
product  of  the  organism  as  this,  in  its  multiplication,  assimilates 
Lme  molecules  of  carbon  and  hydrogen,  _ which  it  abstracts 
from  the  sugar,  and  in  consequence  of  which  the  sugar  yields 
alcohol  : but  it  is  not,  as  it  were,  a secretion  of  the  orgasm,  a 
special  ferment.  (6)  But  it  is  likewise  possible  that  the 
organism  elaborates  a special  ferment,  which,  after  a certain 
amount  has  been  produced,  sets  up  the  particular  pathological 
chan<^'es.  From  these  considerations  it  follows  that  the  virus 
cannot  be  considered  independent  of  the  organism  ; we  c^not 
assume  that  the  two  can  be  separated  from  one  another  ; lor,  as 
we  have  just  now  shown,  the  most  feasible  assumption,  and  the 
one  borne  out  by  observation,  is  that  owing  to  the  multiplication 
of  the  organisms,  certain  chemical  changes  are  produced  in  the 
blood  and  tissues,  or  that  a special  ferment  is  created,  which 
sets  up  the  anatomical  changes  characteristic  of  the  particular 
disease. 


CHAPTER  XX. 

VACCINATION  AND  IMMUNITY. 

We  have  in  the  foregoing  chapter  tried  to  show  that  owin<r 
to  the  presence  in  the  normal  blood  and  tissues  of  a livina 
animal  ot  some  chemical  substances  varying  in  the  different 
species,  and  inimical-  to  particular  pathogenic  organisms,  the 
latter,  when  introduced  into  the  tissues  of  the  particular 
species,  cannot  thrive,  and  that  it  is  for  this  reason  that  the 
animal  is  not  susceptible  to  the  corresponding  disease.  Now 
how  do  we  explain  the  fact  that  a human  being  or  an  animai 
having  been  once  the  subject  of  a particular  infectious  disease, 
becomes  hereby  m some  cases  unsusceptible  to  a second 
attack  { ihe  oldest  and  perhaps  the  most  favoured  theory  to 
explain  this  immunity  is  that  which  assumes  that  during  the 
nrst  attack  the  orgarusms  growing  in  the  body  consunie,  or 
are  instrumental  in  eliminating  or  destroying,  some  chemical 
compound  necessary  for  the  existence  and  multiplication  of 
the  organism.  As  soon  as  this  substance  has  become  consumed 
or  destroyed  the  organisms  cannot  further  multiply,  and 
therefore  the  disease  ceases  ; and  further,  that  owing  to  the 
subsequent  absence  of  this  same  chemical  compound,  a new 
infection  by  the  same  organisms  is  not  possible,  i,e.  the  indi- 
vidual is  protected,^  Thus  this  theory  puts  the  case  on  a level 
with,  say,  the  relation  of  the  saccharomyces  to  the  alcoholic 
fermentation ; as  long  as  a solution  contains  sugar,  the 
saccharomyces  is  capable  of  multiplying,  but  as  soon  as  all 
the  sugar  has  disappeared  as  such,  i.e.  has  become  split  up 
into  alcohol  and  carbonic  acid,  the  fermentation  ceases,  the 
solution  beiag  now  exhausted  as  regards  the  saccharomyces  ; a 
new  charge  of  saccharomyces  put  into  the  solution  is  not  ' 
capable  of  multiplication.  This  theory,  then,  to  explain  the 
immunity,  is  generally  spoken  of  as  the  Exhaustion  Theory. 
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On  careful  analysis,  it  will  be  found  that  it  is  not  capable  of 
explaining  all  the  facts  of  the  case.  As  we  nientioned  in  a 
ibrnier  chapter,  cattle  inoculated  with  blood  of  a guinea-pig 
dead  of  anthrax  become  affected  with  anthrax,  which,  although 
not  fatal,  is  nevertheless  sometimes  very  severe.  The  animal 
recovers,  and  is  now,  lor  a tune  at  least,  protected  against  a 
second  attack.  But  there  is  absolutely  no  ground  for  the 
assumption  that  if  an  infusion  of  the  tissues  of  this  annual 
were  made,  the  bacillus  anthracis  sown  in  it  would  not  thrive 
luxuriantly,  seeing  that  bacillus  anthracis  grows  on  almost 
anything  that  contains  a trace  of  proteids.  Similarly  when  of 
the  tissues  of  a guinea-pig,  or  mouse  or  rabbit,  dead  of  anthrax, 
an  infusion  is  made,  and  this  is  used  as  nourishing  material 
for  bacillus  anthracis  in  artificial  cultures,  it  is  found  that 
these  latter  thrive  splendidly.  The  same  fact  I have  observed 
in  the  case  of  swine-plague.  There  is  then  no  reason  whatever 
for  assuming  that,  after  one  attack  of  illness,  the_  blood  and 
tissues  become  an  uni'avourable  soil  for  a second  invasion  of 
the  same  organism,  and  that  this  should  he  due  to  the  exhaus- 
tion of  some  necessary  chemical  compound. 

There  is  another  theory,  commonly  spoken  of  as  the  Anti- 
dote Theoni  (Klebs).  According  to  this,  the  organisms 
growing  and  multiplying  in  the  body  during  the  first  attack 
produce,  directly  or  indirectly,  some  substance  which  acts  as  a 
sort  of  poison  against  a second  immigration  of  the  same 
organism.  I am  inclined  to  think  that  this  theory  is  in 
harmony  with  the  facts.  There  is  nothing  known,  from  the 
observations  before  us,  which  would  negative  the  possibility 
of  the  correctness  of  this  theory  ; nay,  I would  almost  say  all 
our  knowledge  of  the  life  of  the  micro-organisms  points  to  the 
conclusion  that  the  different  species  are  associated  with 
different  kinds  of  chemical  processes,  and  that  as  a result  of 
the  activity  we  find  different  chemical  substances  produced. 

The  different  fermentations  connected  with  the  different 
species  of  fungi  afford  striking  illustrations  of  this  view. 
According  to  this  theory,  we  can  well  understand  that— -just 
as  in  the  case  of  an  animal,  say  a pig,  unsusceptible  to  anthrax 
—the  rmsusceptibility  being  due  to  the  presence  in  the  blood 
and  tissues  of  a particular  chemical  substance  inimical  to  the 
growth  of  thn  bacillus  anthracis — so  also  in  the  case  of  a sheep 
or  ox  that  has  once  passed  through  anthrax — there  is  now 
present  in  the  blood  and  tissues  a chemical  substance  inimical 
to  the  growth  and  multiplication  of  the  bacillus  anthracis 
whereby  these  animals  become  possessed  of  immunity  against 
a second  attack  of  anthrax. 
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Whether  this  chemical  substance  has  been  elaborated  di- 
rectly by  the  bacilli,  or  whether  it  is  a result  of  the  chemical 
processes  induced  m the  body  by  the  bacilli  during  the  first 
1 mess,  matters  not  at  all ; it  is  only  necessary  to  assume  that 
suLtance  animal  contain  this  chemical 

Some  observers  (Grawitz,  &c.)  are  not  satisfied  with  this 
theory,  but  assume  that  owing  to  the  first  attack  the  cells  of 
the  tissues  so  change  their  nature  that  they  become  capable  of 
resisting  the  immigration  of  a new  generation  of  the  same 
orgamsin.  There  is  absolutely  nothing  that  I know  of  in 
lavour  ol  such  a theory  ; it  is  impossible  to  imagine  that  the 
cells  ol  the  connective  tissues,  of  the  blood  and  of  other 
organs,  owing  to  a past  attack  of  scarlatina,  become  possessed 
ot  new  functions  or  of  some  new  power,  as,  for  instance,  a 
greater  power  of  oxidising  or  the  like.  Connective  tissue-cells, 
blood-corpuscles,  liver-cells,  and  other  tissues  are,  so  far  as  we 
know,  possessed  of  precisely  the  same  characters  and  functions 
alter  an  attack  of  scarlatina  as  before. 

On  the  whole  then,  we  may,  it  seems,  take  it  as  prob- 
able, that  owing  to_  the  presence  in  the  normal  blood  and 
tissues  in  a living  animal  of  a chemical  substance  inimical  to 
the  growth  of  a particular  micro-organism,  this  animal  is  un- 
susceptible to  the  disease  dependent  on  the  growth  and  multi- 
plmation  of  this  micro-organism  ; and  further,  that  in  those 
infectious  maladies  in  which  one  attack  gives  immunity  ao’ainst 
a second  attack  of  the  same  kind,  one  attack  produces  a 
chemical  substance  in  the  blood  and  tissues  which  acts 
inimically  to  a new  immigration  of  the  same  organism  ; hence 
the  animal  becomes  unsusceptible  to  a new  attack,  or  is  “ pro- 
tected.” This  is  not  the  case  with  all  inl'ectious  maladies,  for, 
as  is  well  kno-vm,  in  a good  many  instances  a single  attack  does 
not  protect  against  a second  ; and,  as  is  also  well  known,  a first 
attack  may  protect  but  only  for  a limited  period,  or  for  a period 
greatly  differing  in  different  individuals.  All  this  would  be 
explained  by  our  theory  in  the  same  way  as  it  is  explained  by 
the  other  theories  ; viz.,  when  one  attack  does  not  protect,  no 
inhibitory  chemical  substance  has  been  produced ; while  in 
those  diseases  in  which  one  attack  does  protect  only  for  a 
limited  period,  the  necessary  inhibitory  substance  has  only 
lasted  for  a limited  period,  and  so  on. 
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ANTISEPTICS. 

In  former  chapters  we  have  on  several  occasions  mentioned  * 
that  a variety  of  substances  and  conditions  are  capable  of 
exerting  a detrimental  influence  on  the  life  and  growth  of 
micro-organisms.  Amongst  these  are — The  presence  of  certain 
substances  in  the  nutrient  soil,  the  temperature,  and  some 
chemical  products,  such  as  those  belonging  to  the  aromatic 
series,  phenol,  indol,  skatol,  &c.  The  presence  of  certain 
substances  in  the  nourishing  material  is,  as  we  have  seen,  an 
essential  condition,  ccetens  paribus^  for  the  growth  and  multi- 
plication of  micro-organisms.  Thus  pathogenic  organisms 
cannot  thrive  in  an  acid  medium,  they  cannot  thrive  if  proteids 
or  allied  compounds  and  certain  inorganic  salts  are  absent ; 
putrefactive  and  zymogenic  organisms,  on  the  other  hand,  or, 
at  any  rate,  some  of  them,  are  capable  of  thriving  well  in 
acid  media  {e.g.  the  bacillus  subtilis  in  acid  hay-infusion, 
the  micrococcus  urese  in  acid  urine).  Further,  many  (not  all) 
pathogenic  organisms  cannot  thrive  unless  they  are  exposed  to 
a certain  degree  of  warmth  ; they  thrive  best  at  blood-heat, 
while  putrefactive  and  many  zymogenic  organisms  thrive  well 
at  ordinary  temperatures,  though  of  course  their  growth  is 
more  rapid  at  higher  temperatures,  such  as  30° — 38°  C.  Heat 
above  50^  or  60°  C.  arrests  the  growth  of  and  even  kills  many 
organisms,  except  the  spores  of  bacilli,  which,  as  we  find  on  a 
former  page,  survive  even  when  exposed  to  the  temperature  of 
boiling  water  for  several  minutes.  The  presence  of  carbolic 
acid,  phenol,  thymol,  salicylic  acid,  perchloride  of  mercury. 
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&c.,  prevent  even  wlien  in  great  dilution  the  growth  of  micro- 
organisms. 

In  any  inquiry  into  the  influence  of  one  sub.stance  or 
another  on  micro-organisms  it  is  necessary  to  bear  in  mind 
that  the  influence  of  certain  conditions  on  the  micro-organisms 
may  he  a twofold  one  ; (1)  the  condition  may  he  unfavourable 
to  the  growth  of  the  organism  in  question,  and  (2)  the  con- 
dition may  be  fatal  to  the  life  and  existence  of  it.  The  second 
condition  involves,  a fortiori,  the  first ; but  the  reverse  is  not 
the  case.  Owing  to  the  failure  to  distinguish  between  these 
two  propositions  a great  deal  of  confusion  has  arisen  on  the 
subject.^  One  hears  constantly  this  or  that  substance  is  an  “an- 
tiseptic, meaning  by  this  a substance  inimical  to  the  growth 
of  micro-organisms,  or  a substance  is  a “ germicide,’'  implying 
by  this  that  this  substance  kills  the- organisms  ; but  when  one 
comes  to  analyse  the'  observations  that  are  said  to  establish 
this  reputation  for  a particular  substance,  one  finds  that  the 
substances  in  question  are  really  only  detrimental  to  the 
_ growth  of  the  organisms. 

By  sowing  any  micro-organism  into  a nourishing  medium, 
■to  which  has  been  added  a certain  substance  {e.q.  carbolic  acid 
to  the  amount  of  1 ]per  cent.),  and  exposing  this  medium  to 
the  conditions  of  temperature,  moisture,  &c.,  otherwise  favour- 
able to  the  growth  pf  the  organism,  if  we  find  that  after  the 
lapse  of  a due  period  the  growth  is  retarded  or  altogether 
inhibited,  the  conclusion  is  drawn  that  this  substance  (viz.,  the' 
carbolic  acid  of  1 per  cent.)  is  an  antiseptic.  There  is  nothin<r 
more  fallacious  than  this  method  of  reasoning  ; a great  many 
micro-organisms  can  be  exposed  to  a 1 per  cent,  solution  of 
carbolic  acid  for  hours  without  in  the  least  being  affected,  for 
on  being  then  transferred  to  a suitable  nourishing  medium 
they  grow  and  thrive  well.  Similarly  by  placing  the  spore^ 
of  bacillus  anthracis  in  a proteid  medium  containing  per- 
bhloride  of  mercury  of  the  strength  of  1 in  300,000,  it  is 
found  (as  Koch  has  shown)  that  the  spores  are  absolutely, 
incapable  of  germinating.  But  if  from  this  the  conclusion  is 
drawn,  that  perchloride  of  mercury  of  the  strength  of  1 in 
300,000  is  a germicide,  I should  most  strongly  dissent,  for 
perchloride  of  mercury  even  of  the  strength  of  1 per  cent,  is 
not  a germicide  any  more  than  vinegar  ; for  on  placing  the 
spores  of  bacillus  anthracis  in  a proteid  medium,  to  which  so 
niuch  vinegar  or  any  other  acid  has  been  added  as  makes 
it  decidedly  acid,  it  will  be  found  that  the  spores  do  not 
germinate. 
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In  order  to  pronounce  a certain  substance  an  antiseptic  in 
tbe  strict  sense  of  the  word,  it  is  necessary  to  place  the  organisms 
in  this  substance  for  a definite  time,  then  to  remove  them 
thence,  and  to  place  them  in  a suitable  nourishing  medium  ; il 
they  then  refuse  to  grow  the  conclusion  is  justified  that  the 
exposure  has  injured  or  destroyed  the  life  of  the  organisms. 
In  the  case  of  pathogenic  organisms  a substance  to  be  pro- 
nounced a germicide  must  be  shown  to  have  this  power,  that 
when  the  organism  is  exposed  to  the  substance  and  then 
introduced  into  a suitable  artificial  medium  it  refuses  to  grow  ; 
and  it  must  also  be  shown  that  when  introduced  into  a suitable 
animal  it  is  incapable  of  producing  the  disease  which  the 
same  organism,  unexposed  to  the  substance  in  question,  does 

produce.  . n r 

I have  made  a good  many  observations  on  the  influence  of 
antiseptics  on  micro-organisms,  both  putrefactive  and  patho- 
genic, and  I have  found  that  many  assertions  hitherto  made  on 
this  subject,  treated  in  the  above  light,  are  absolutely  untrust- 
worthy and  erroneous. 

Various  species  of  putrefactive  micrococci,  bacterium  termo, 
bacillus  subtilis,  various  pathogenic  micro-organisms,  as 
bacillus  anthracis,  bacillus  of  swine  fever,  absolutely  refuse  to 
grow  in  media  to  which  is  added  phenyl-propionic  acid,  or 
phenyl-acetic  acid,  to  an  amount  so  small  as  1 in  1,600  ; but  if 
the  same  organisms  are  exposed  to  these  substances  in  much 
stronger  solutions,  1 in  800,  1 in  400,  or  even  1 in  200,  and 
then  transferred  to  a suitable  nourishing  material,  it  is  found 
that  they  have  completely  retained  their  vitality,  they  multiply 
as  if  nothing  had  been  done  to  them.  I have  exposed  the 
spores  of  bacillus  anthracis  to  the  above  acids  of  the  strength 
of  1 in  200  for  forty-eight  hours  and  longer,  and  then  ino- 
culated guinea-pigs  with  them,  and  I foilnd  that  the  animals 
died  of  typical  anthrax  in  exactly  the  same  way  as  if  they 
had  been  inoculated  with  pure  spores  of  the  bacillus  anthracis. 

Koch  has  publi.shed  a large  series  of  systematic  and  most 
valuable  observations  i made  in  testing  the  influence  on  spores 
of  bacillus  anthracis  of  a large  number  of  antiseptics  (thymol, 
arsenate  of  potassium,  turpentine,  clove-oil,  iodine,  hydrochloric 
acid,  permanganate  of  potassium,  eucalyptol,  camphor,  quinine, 
salicylic  acid,  benzoic  acid,  and  many  others),  and  amongst 
them  he  found  perchloride  of  mercury  to  be  the  most  powerful, 
since  even  a solution  of  1 in  600,000  is  capable  of  impeding, 
one  of  1 in  300,000  of  completely  checking,  the  germinating 

' Mitiheil.  mia  d.  k.  Qeaundheitsamte,,  Berlin,  1881. 
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power  of  the  spores.  To  regard  tliese  substances,  from  these 
observations,  m any  way  as  antiseptics  for  the  spores  of  bacillus 
anthracis  would  be  no  more  justifiable  than  to  consider 
weak  vinegar  as  such.  Perchloride  of  mercury  in  a solution  of 
1 in  300,000  is  no  more  capable  of  interfering  with  the  life  and 
functions  of  the  spores  of  bacillus  anthracis  than  water  or 
salt  solution,  for  the  spores  may  be  steeped  in  this  solution  for 
any  length  ol  time,  and  yet  on  being  transferred  to  a suitable 
medium  they  grow  and  multiply  splendidly,  and  when 
inoculated  into  rodents  they  produce  fatal  anthrax  with 
absMute  certainty.  With  my  friend  Dr.  Blyth,  Medical  Officer 
ot  Health  for  the  Marylebone  district  in  London,  I have  tried 
the_  action  of  a number  of  substances  in  common  use  as 
antiseptics  {e.g.  Calvert’s  fluid,  pure  terebene,  plienol  10  per 
cent  perchloride  of  mercury  I per  cent.)  on  the  spores  of 
bacillus  antliraciSj  exposing  tliese  in  comparatively  large 
quantities  of  the  above  fluids  (the  two  being  well  mixed)  for 
twenty-four  hours,  and  then  inoculating  guinea-pigs  mth  them 
(spores  and  antiseptic).  The  animals  died  with  symptoms  of 
typical  anthrax,  the  blood  teeming  with  the  bacillus  anthracis. 

These  substances  then  are  no  more  antiseptics,  and  still  less 
germicides  for  the  spores  of  bacillus  anthracis,  than  water  is. 

In  all  these  inquiries,  particularly  in  those  upon  pathogenic 
organisms  capable  of  forming  spores,  the  influence  of  the 
substances  must  be  judged  not  merely  by  their  action  on  the 
organisms,  but  also  on  the  spores  ; for,  in  this  very  case  of  the 
bacillus  anthracis,  the  bacilli  taken  from  the  blood  of  an 
animal  dead  of  anthrax  are  killed  after  an  exposure  of  say  ten 
minutes  to  a solution  of  phenyl-projrionic  acid  of  the  strength 
of  1 in  400,  or  even  1 in  800,  whereas  the  spores  of  the  bacilli 
(imoduced  in  artificial  cultures)  withstand  completely  exposure 
to  this  acid  of  any  strength  and  for  any  length  of  time. 

It  is  not  my  object  to  pass  here  in  review  all  that  has  been 
done  in  this  interesting  field  of  research,  important  because  of 
its  obviously  great  practical  importance.  The  work  hitherto 
done  has  been  enormous,  but,  I fear,  of  less  utility  than  at  first 
sight  appears,  for  in  most  of  it  the  point  most  prominent 
in  the  mind  of  the  worker  was  to  ascertain  whether  the 
particular  antiseptic,  mixed  with  the  nourishing  medium  in  a 
solution  of  definite  strength,  has  or  has  not  the  power  of 
inhibiting  the  growth  of  the  micro-organisms.  This  point  no 
doubt  is  of  some  interest,  and  perhaps  of  great  interest,  but 
whether  a particular  substance  is  an  antiseptic  in  the  proper 
sense  of  the  word,  i.e.  whether  on  exposing  the  organisms  to 
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this  substance  in  a solution  of  definite  strength  and  for  a 
definite  peroid,  the  organisms  become  afterwards  incapacitated 
from  growing  or  multiplying  ; or  still  more,  whether  or  not 
the  substance  is  a germicide,  i.e.  is  capable  of  altogether 
annihilating  the  life  of  the  organisms ; these  are  questions 
which  reqiiire  special  attention,  and  represent  a wide  and 
rich  field  of  inquiry  ; but,  as  far  as  I can  see,  it  has  received 
only  in  very  few  instances  due  attention. 


APPENDIX  TO  CHAPTER  XL 

A VERY  useful  method  for  the  isolation  of  a.  mixture  of 
bacteria  is  the  one  now  extensively  used  by  Koch  and  his 
school,  it  is  this : liquefy  over  gentle  heat  sterile  gelatine 
mixture  (gelatine  and  peptone,  or  gelatine,  peptone,  and  broth, 
as  mentioned  on  p.  15)  contained  in  a sterile  plugged  test- 
tube,  then  inoculate  this  with  the  smallest  trace  of  the  bacterial 
mixture,  either  by  capillary  pipette  or  by  a platinum  wire,  shake 
it  so  as  to  distribute  the  introduced  bacteria  ; then  pour  this 
liquid  gelatine  mixture  in  a thin  layer  on  sterile  glass  plates, 
or  flat  watch-glasses  or  any  glass  vessel,  and  keep  this  iu  a 
closed  chamber  (a  bell-glass  or  any  other  vessel  fixed  by  olive 
oil  or  lard  to  a glass  plate)  kept  moist  by  wet  filter-paper. 
Keep  this  in  the  temperature  of  the  room,  or  in  the  incubator, 
up  to  a temperature  of  20°  C.,  so  that  the  gelatine  layer  remains 
solid.  After  several  days  a number  of  isolated  spots  will  be 
noticed,  each  of  these  spots  owing  their  origin  to  the  multipli- 
cation of  a bacterium.  Some  of  these  spots  contain  only  one 
species,  and  from  these  pure  cultivations  in  test-tubes  can  then 
easily  lae  established.  In  this  way  Koch  easily  succeeded  to 
isolate  the  comma-bacilli  present  in  the  mucus-flakes  of  the 
choleraic  intestine,  a small  particle  of  such  a flake  being 
distributed  in  the  liquefied  gelatine,  mixture  contained  in  a 
test-tube. 

Another  method  of  isolation  is  one  similar  to  that  described 
on  p.  31  : Liquefied  sterile  gelatine  mixture,  or  liquefied 
sterile  Agar-Agar  mixture,  is  poured  in  a thin  layer  on  the 
glass  plates,  watch-glasses,  or  glass-cells  previously  sterilised, 
and  then  kept  in  a moist  chamber  as  above.  When  the  mix- 
ture is  set,  draw  on  its  surface  lines  with  a capillary  tube  or 
platinum  wire  dipped  in  the  bacterial  fluid. 
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The  comma-bacillus  of  Koch  is  a curved  rod  of  almost  uniform 
thickness,  sometimes  slightly  pointed  at  the  extremities,  its 
length  about  half  that  of  a tubercle-bacillus,  its  thickness  about 


Fig.  a. 

Prom  a preparation  of  mucus  flakes  of  the  fluid  in  the  ileum  of  a case  of  typical 
cholera.  Magnifying  power  about  700.  Numbers  of  comma  bacilli  of 
different  lengtlis  are  shown  amongst  numbers  of  small  straight  bacilli. 


the  same  as  that  of  the  latter.  But  the  comma-bacilli  vary  in 
curvature  and  length  -within  considerable  limits,  some  being 
just  cujved  while  others  are  almost  semicircular,  some  being 


Fig.  b. 

From  an  artificial  cultivation  of  chole- 
raic conuna-baciUi  in  gelatine 
peptone.  Magnifying  power  700. 
Most  of  these  are  single  curved 
bacteria,  a few  are  joined  end  to 
end  in  twos,  thus  forming  S-shaped 
organisms  ; and  a few  are  in  chains 
of  several  placed  end  to  end. 


Fio.  c. 

From  an  artificial  oujtivation  of  chole- 
raic comma-bacilli  in  Agar-Agar 
peptone  at  the  ordinary  tempera- 
ture of  the  room  after  several 
weeks.  The  comma-bacilli  change 
by  vacuolation  into  planconvcx, 
then  biconvex,  and  finally  circular 
organisms  ; these  by  division 
give  ori^n  to  two  semicirculai- 
comma-bacilli.  Magnifying  power 
about  700. 


t-wice  and  three  times  as  long  as  others.  They  are  motile,  and 
divide  transversly.  In  neutral  Agar-Agar  mixture,  kept  at  ordi- 
nary temperature,  length-dmsions  may  be  observed,  see  Fig.  c. 
After  transverse  division  they  may  remain  joined  end  to  end. 
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and  then  forming  an  S-shaped  corpuscle.  But  sometimes, 
particularly  in  artificial  cultivations  in  broth,  they  remain 
joined  end  to  end  even  after  repeated  division,  and  then  form 
either  a wavy  or  spiral-like  organism.  But  the  type  is  repre- 
sented by  a single  curved  rod.  For  this  reason  it  is  not  correct 
to  speak  of  them  as  comma-bacilli  nor  as  spirilla,  since  they 
correspond  to  what  is  generally  considered  a vibrio. 


Fia.  D. 

Part  of  a test-tube  eontataing  gelatine-peptone ; In  it  pure  cultivation  of  chole- 
raic comma-bacilli.  The  funnel-shaped  opening  of  the  channel  in  which 
the  growth  of  the  comma-bacilli  is  going  on  contains  a long  air  bubble. 

The  comma-bacilli  are  present,  amongst  crowds  .of  other 
putrefactive  bacteria,  in  very  varying  numbers  in  the  choleraic 
evacuations,  sometimes  very  scarce,  sometimes  numerous  ; in  the 
mucus-fiakes  taken  from  the  cavity  of  the  lower  part  of  the 
ileum  of  typical  rapidly  fatal  cases  of  cholera  very  soon  after 
death  they  are  present  in  small  numbers,  in  the  upper  part  of 
the  neum  and  in  the  jejunum  they  are  either  very  scarce  or 


196  MICEO-ORGANISMS  AND  DISEASE. 

altogetlier  absent.  The  longer  the  e.xaniination  is  delayed, 
ol  course  within  certain  limits,  the  more  likely  are  the 
comma-bacilli  found  numerously  in  the  hakes,  but  not  to  the 
exclusion  of  other  bacteria.  They  are  generally  absent  from 
the  mucous  membrane  itself  inclusive  of  the  epithelium  of  the 
surface  loosened  but  not  detached.  No  organisms  of  any  kind 
are  found  in  the  tissue  of  the  intestine,  in  the  blood,  and 
other  tissues  ; putrefactive  bacteria,  including  comma-bacilli. 


bacilli,  and  were  kept  under  precisely  the  same  conditions.  In  both  the 
surface  of  growth  is  marked  by  a depression.  At  the  bottom  of  the  growth 
is  a whitish  precipitate  of  masses  of  comma-bacilli.  The  rest  of  the  channel 
is  tilled  with  almost  clear  liquefied  gelatine. 

are  capable  of  growing  after  death  into  the  clefts  and  spaces  of 
the  intestinal  wall  from  the  internal  cavity. 

The  mucus-flakes  of  the  small  intestine,  taken  from  a typical 
rapidly  fatal  case  immediately  after  death,  contain,  besides 
detached  epithelial-cells,  numbers  of  lymph  corpuscles,  some 
perfect,  others  swollen  up  and  disintegrating.  Soon  after  death 
all  disintegrate.  These  lymph-corpuscles  or  mucus-corpuscles 
contain,  in  varying  numbers  within  their  protoplasm,  straight 
minute  bacilli  much  smaller  than  the  comma-bacilli,  being 
only  half  or  a fourth  their  length,  and  more  or  less  pointed. 


APPENDIX  TO  CHAPTER  XI. 


197 


These  small,  straight  bacilli  are  non-motile,  they  are  never 
missed  in  a free  kate  in  the  mucus-flakes,  and  when  grown 
artificially  they  form  spores.  Neither  the  comma-bacilli  nor 
these  small  bacilli  show  in  their  mode  of  growth,  in  artificial 
cultivations  in  various  media,  greater  peculiarities  than  other 
kinds  of  bacteria.  The  peculiar  mode  of  growth  of  the 
comma-bacilli  in  gelatine  mixtures  is  shown  in  the  accompany- 
ing woodcuts.  . , , 11 

Both  the  comma-bacilli  and  small  straight  bacilli  grow  well 
in  allcaline  and  neutral  media,  and  are  not  killed  by  weak  acids 


Fig.  g. 

Pure  cnltivotioTi  of  cliolcraic  comma-bacilli  in  gelatine-peptonc-broth.  Tlie 
inoculation  bad  been  made,  not  in  a channel,  as  in  the  previons  figures,  but 
on  the  surface.  There  is  also  here  a depression  of  the  growth  on  the  sur- 
face, and  in  the  extent  of  tlie  growth  the  gelatine  is  liquefied,  with  a 
whitish  precipitate  at  the  bottom. 

although  they  do  not  show  growth  in  them,  or  only  to  a 
very  limited  degree.  Neither  the  comma-bacilli  nor  the 
straight  small  bacilli  can  be  considered  as  connected  with  the 
cause  of  cholera. 

The  result  of  the  experiments  performed  by  Nicat  and 
Rietsch,  by  Koch  and  others,  viz.,  death  following  in  some  of  the 
animals  after  injection  of  choleraic  mucus-flakes  or  of  cultiva- 
tions of  comma-iiacilli  into  the  cavity  of  the  small  intestine,  were 
not  due  to  cholera,  but  were  probably  due  either  to  the  opera- 
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tion  or  to  septicemic  poisoning.  Rodents,  carnivorous  animals, 
and  monkeys  are  altogether  insusceptible  to  cholera.  Tliere  is 
direct  evidence  that  the  water  contaminated  with  choleraic 
evacuations  only,  and  of  course  with  comma-bacilli,  when  drunk 
by  a large  number  of  persons  did  not  produce  cholera  ; there 
is  no  definite  evidence  that  a cholera  patient  elaborates 
cholera  virus  and  passes  it  out  with  the  evacuations. 


Fio.  H. 


From  a preparation  of  mucus  flalces  of  tlie  ileum  of  a case  of  typical  cholera. 
Comma  bacilli  and  minute  straight  bacilli,  singly  and  in  masses.  Three 
lymph-corpuscles  containing  in  their  interior  numerous  small  straight 
bacilli. 

Comma-bacilli  of  various  species  have  been  discovered  in 
other  diseases  of  the  alimentary  canal ; in  the  fluid  of  the  mouth 
of  normal  persons  (Lewis)  ; in  old  cheese  (Denilce).  The 
comma-bacilli  found  by  Finkler  and  Prior  in  cholera  nostras, 
differ  in  mode  of  growth  from  Koch’s  comma-bacilli  of  cholera. 
So  do  those  found  in  diarrhoea  due  to  other  causes.  But  those 
of  the  fluid  of  the  mouth,  and  those  in  old  cheese,  are  identical 
with  Koch’s  comma-bacilli  in  their  mode  of  growth. 
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Abrus  precatorius,  160 
Abscess  in  rabbit,  67 
Acborion  Schoenlelni,  141 
Actinomyces,  118 
Acute  inflammations,  43 
Aerobic,  34 
Agar-Agar.  16 
Air  examination,  32 
Amylobacter,  80 
Anmmia  perniciosa,  65 
Anaerobic,  34 
Anilin  dyes,  6 
Anilin  oil,  7 
Antheridia,  146 
Anthrax  bacillus,  105 
Antiseptics,  187 
Aromatic  products,  171 
Artificial  cultures,  25 
Artificial  tuberculosis.  125 
Asoococcus  BilU'otlii.  42 
Ascogonium,  144 
Ascomycetes,  140 
Ascospores,  140 
Aspergillus,  142 
Attenuation,  116 


BiCinnus,  general  characters  of,  66 
septic,  75 
zymogenic,  80 
cliromogenic,  81 
pathogenic,  83 

Bacterium,  general  characters  of,  60 
tenno,  60 
lactis,  61 
lineola,  61 

Bacteria,  pathogenic,  63 
Bacteridia,  105 
Basidia,  144 
Beggiatoa,  79 
Broth,  preparation  of,  11 
Buchner’s  fluid,  13 


Capillary  pipette,  19 
Carbolic  acid,  188 
Carpogonium,  144 
Cattlp  plague,  54 
Charbon  symptomatique,  103 
Cheyne’s  method  of  staining,  7 
Cliolera  bacillus,  126 
Choleraic  diarrlima,  87 
Cladothrix  dichotoma,  78 
Clathrocystis,  42 
Clostridium  butyricum,  81 
Cohn’s  fluid,  14 
Conidia,  140 
Cotton-wool,  19 


Davaikb’s  scpticsemia,  6 i 
Desmobacteria,  66 
Diphtheria  micrococcus,  48 
Diplococcus,  38 
Dispora  caucasica,  81 
Dumb-bell  micrococcus,  37 
Dysentery,  128 


Ehrlich’s  method  of  staining,  120 
Endocarditis  ulcerosa,  53 
Erysipelas  micrococcus,  48 


Favtjs  fungus,  141 
Flasks,  sterilisation  of,  17 
Fowl  cholera,  64 


Gelatine,  14 

Gelose,  16 

Germicide,  188 

Gibbes’  method  of  staining,  6 

Glanders  bacillus,  92 

Glass-cell,  30 

Gonorrhoea  micrococcus,  53 
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Hay  bacillus,  75 
Hay  infusion,  76 
Herpes  tonsurans,  141 
Hot-air  chamber,  18 
Hydrocele  fluid,  13 
Hypliffi,  140 


Immunity,  148 
Incubator,  9 
Indol,  171 

Infectious  diseases,  2 
Inoculation,  method  of,  25 


JEQmniTY  bacillus,  160 
Jequirity  infusion,  161 
Jequirity  ophthalmia,  161 
Jequirity  seeds,  160 


Klebs's  method  of  cultivation,  26 
Koch’s  malignant  oedema,  101 
Koch’s  method  of  cultivation,  28 
inoculation,  28 
staining,  7,  119 
progressive  necrosis,  56 
septicsemia  of  mouse,  83 
of  rabbit,  58 
Koch-Weigert  method,  6 


Leprosy  bacillus,  98 
Lcptothrix,  66 
Leptothrix  buccalis,  68 
Lister's  method  of  cultivation,  26 


Nourishing  media,  9 
fluids,  11 
solids,  14 
preparation  of,  21 
sterilisation  of,  12 
Nosema  bombycis,  59 


CEdema,  malignant,  101 
OTdium  albicans,  139 
Oidium  lactis,  140 
Oogonium,  146 
Oospores,  140 
Osteomyelitis,  55 


Papayotin,  103 

Pasteur’s  fluid,  14 

Pasteur’s  septicaemia,  102 

Pasteur's  vaccin  charbonneux,  114 

Pathogenic  organisms,  2 

, vital  phenomena  of,  177 

Penicillium,  146 

Peptone,  13 

Perithecinin,  144 

Phenol,  171 

Pityriasis  versicolor,  141 
Pleuro-pneumonia,  51 
Pneumococcus,  49 
Pollinodia,  144 

Progressive  necrosis  in  mous^  56 
Ptomaines,  169 
Puerperal  fever,  54 
Pyamia  of  mouse,  57 
rabbit,  57 


Malaria  bacillus,  89 
Malignant  cedema,  101 
Meat  extract,  13 
Meat  poisoning,  87 
Microbe  of  fowl  cholera,  64 
Micrococcus,  37  • 

general  character,  37 
chromogenic,  40 
pathogenic,  43 
septic,  40 
zymogenic,  40 
Microsporon  furfur,  142 
^licrozyma  bombycis,  69 
Monas,  42 
Mucor,  146 
Mycelium,  140 
Mycoderma  aceti,  62 
Mycoderma  sacchnromyc.es,  138 
Mycosis  intestinalis,  107 
Mycothrix,  37 


NAoeli’s  method  of  culture,  26 
Koma,  92 


Saccharomycbs,  136 
Salmon  disease,  146 
Saprolegnia,  146 
Sarcina,  39,  43 
Scarlatina  micrococcus,  54 
Schizomycetes,  34 
Septic  ferment,  170 
Septicsemia  of  man,  84 
mouse,  83 
rabbit,  68 
Serum  of  blood,  13 
Silk-wonn  diseases,  59 
Spherobacterium,  37 
Spirillum,  131 
septic,  131 
pigment,  133 
pathogenic,  134 
Spirochaeta,  132 
Sporangium,  140 
Spores,  general  characters,  73 
formation  of,  69 
germination,  74 
of  anthrax  bacilli,  112 
Stomatitis  ulcerative,  90 
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■ Bterilisation  of  instruments,  19 
Streptothrix,  78 
Swine  plague,  94 


Test-tobes,  21 
Thallus,  140 
Tlirush,  139 
Torula,  136 

Torula  form  of  bacillus,  109 
Trichophyton  tonsurans,  142 
Tuberculosis  bacillus,  ll8 
Typhoid  fever  bacillus,  86 


URE.E  micrococcus,  40 


Vaccin  charbonneux,  118 
Vaccination,  184 

Vaccinia  and  Variola  micrococcus,  46 


Vibrio,  129 

Virus,  general  character  of,  180 
Watee  examination,  31 
Xanthinom  bacterium,  62 


Yeast  fungus,  136 


ZoOGLtEA,  39 
Zooglrea  ramigera,  60 
Zoospores,  146 
Zymogen,  172 
Zymogenic  bacteria,  61 
bacilli,  80 
micrococci,  40 
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CLASSICS. 

ELEMENTARY  CLASSICS. 

l8mo,  Eighteenpence  each. 


This  Series  falls  into  two  Classes — 

(1)  First  Reading  Books  for  Beginners,  provided  not 
only  with  Introductions  and  Notes,  but  with 
Vocabularies,  and  in  some  cases  with  Exercises 
based  upon  the  Text. 

(2)  Stepping-stones  to  the  study  of  particular  authors, 
intended  for  more  advanced  students  who  are  beginning 
to  read  such  authors  as  Terence,  Plato,  the  Attic  Dramatists, 
and  the  harder  parts  of  Cicero,  Horace,  Virgil,  and 
Thucydides. 

These  are  provided  with  Introductions  and  Notes,  but 
no  Vocabulary.  The  Publishers  have  been  led  to  pro- 
vide the  more  strictly  Elementary  Books  with  Vocabularies 
by  the  representations  of  many  teachers,  who  hold  that  be- 
ginners do  not  understand  the  use  of  a Dictionary,  and  of 
others  who,  in  the  case  of  middle-class  schools  where  the 
cost  of  books  is  a serious  consideration,  advocate  the 
Vocabulary  system  on  grounds  of  economy.  It  is  hoped 
that  the  two  parts  of  the  Series,  fitting  into  one  another, 
may  together  fulfil  all  the  requirements  of  Elementary  and 
Preparatory  Schools,  and  the  Lower  Forms  of  Public 
Schools. 
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The  following  Elementary  Books,  with  Introductions,, 
Notes,  and  Vocabularies,  and  in  some  cases  with 

Exercises,  are  either  ready  or  in  preparation: — 

Caesar._THE  GALLIC  WAR.  BOOK  I.  Edited  by  A.  S-- 
Walpole,  M.  A. 

the  invasion  of  BRITAIN.  Being  Selections  from  Booksi 
IV.  and  V.  of  the  “De  Bello  Gallico.  ” Adapted  for  the  use  off 
Beginners.  With  Notes,  Vocabulary,  aud  Exercises,  by  W. . 
Welch,  M.A.,  and  C.  G.  Duffield,  M.A.  [Jfeady.. 

THE  GALLIC  WAR.  BOOKS  II.  and  HI.  Edited  by  the* 
Rev.  W.  G.  Rutherford,  M.A.,  LL.D.,  Head-Master  of  West- 
minster School.  [ Ready, . 

THE  GALLIC  WAR.  SCENES  FROM  BOOKS  V.  and  VI. . 
Edited  by  C.  Colbeck,  M.A.,  Assistant-Master  at  Harrow;; 
foi-merly  Fellow  of  Trinity  College,  Cambridge.  \Ready. . 

Cicero,  de  SENECTUTE.  Edited  by  E.  S.  Shuckburgh,  , 
M.A.,  late  Fellow  of  Emmanuel  College,  Cambridge. 

[/«  preparation, . 

DE  AMICITIA.  By  the  same  Editor.  [Ready, . 

STORIES  OF  ROMAN  HISTORY.  Adapted  for  the  Use  off 
Beginners.  With  Notes,  Vocabulary,  and  Exercises,  by  the  Rev. , 
G.  £.  Jeans,  M.A.,  Fellow  of  Hertford  College,  Oxford,  andl 
A.  V.  Jones,  M.A.,  Assistant-Masters  at  Haileybury  College. 

[J?eady. 

£utropiuS.  Adapted  for  the  Use  of  Beginners.  With  Notes, , 
Vocabulary,  and  Exercises,  by  William  Welch,  M.A.,  and  C. 
G.  Duffield,  M.A.,  Assistant-Masters  at  Surrey  County  School, , 
Cranleigh.  [Ready, . 

Homer. — ILIAD.  BOOK  I.  Edited  by  Rev.  John  Bond,  M.A. 
and  A.  S.  Walpole,  M.A.  [Ready. 

ILIAD.  BOOK  XVIII.  T^E  ARMS  OF  ACHILLES.  Edited 
by  S.  R.  James,  M.A.,  Assistant-Master  at  Eton  College,  [/ieady. 

ODYSSEY.  BOOK  I.  Edited  by  Rev.  John  Bond,  M.A.  and 
A.  S.  Walpole,  M.A.  [Ready. 

Horace. — odes.  BOOKSI.— IV.  Edited  by  T.E.  Page,  M.  a., 
late  Fellow  of  St.  John’s  College,  Cambridge  ; Assistant-Master 
at  the  Charterhouse.  Each  is.  6d.  [Ready. 
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T ivv. — BOOK  I.  Edited  by  H.  M.  Stephenson,  M.A.,  Head 

Master  of  St.  Peter’s  School,  York. 

THE  HANNIBALIAN  WAR.  Being  part  of  the  XXI.  and 
XXII  BOOKS  OF  LIVY,  adapted  for  the  use  of  beginners, 
by  G.  ’C.  Macaulay,  M.A.,  Assistant-Master  at  Rugby  ; formerly 
Fellow  of  Trinity  College,  Cambridge.  \Ready. 

THE  SIEGE  OF  SYRACUSE.  Adapted  for  the  Use  of  Beginners. 
With  Notes,  Vocabulary,  and  Exercises,  by  George  Richards, 
M.A.,  and  A.  S.  Walpole,  M.A.  [/«  the  press. 

Ovid. — SELECTIONS.  Edited  by  E.  S.  Shuckburgh,  M.A., 
late  Fellow  and  Assistant-Tutor  of  Emmanuel  College,  Cambridge. 

\Ready. 

Phaedrus. — select  fables.  Adapted  for  the  Use  of  Be- 
ginners. With  Notes,  Exercises,  and  Vocabularies,  by  A.  S. 
fvALPOLE,  M.A.  IReadp. 


Thucydides.— the  RISE  OF  THE  ATHENIAN  EMPIRE. 
BOOK  I.  cc.  LXXXIX.  — CXVII.  and  CXXVIII.  — 
CXXXVIH.  Edited  with  Notes,  Vocabulary  and  Exercises,  by 
F.  H.  Colson,  M.A.,  Senior  Classical  Master  at  Bradford 
Grammar  School;  Fellow  of  St.  John’s  College,  Cambridge. 

\Ready. 

Virgil. — iENEID.  BOOK  I.  Edited  by  A.  S.  Walpole,  M.A. 

{Ready. 

iENEID.  BOOK  V.  Edited  by  Rev.  A.  Calvert,  M.A.,  late 
Fellow  of  St.  John’s  College,  Cambridge.  {Ready. 

SELECTIONS.  Edited  by  E.  S.  Shuckburgh,  M.A. 

{Ready. 

Xenophon. — ANABASIS.  BOOK  I.  Edited  by  A.  S. 

Walpole,  MA.  {Ready. 

STORIES  FROM  GREEK  PHSTORY.  Selected  and  Edited  by 
A.  H.  Cooke,  M.  A.,  Fellow  of  King’s  College,  Cambridge. 

{Nearly  ready. 


The  following  more  advanced  Books,  with  Introductions 
and  Notes,  but  no  Vocabulary,  are  either  ready,  or  in 
preparation : — 

Aeschylus. — PROMETHEUS  VINCTUS.  Edited  by  Rev.  H. 

M.  Stephenson.  {In  the  press. 

Cicero. — select  letters.  Edited  by  Rev.  G.  E.  Jeans, 
M.A.,  Fellow  of  Hertford  College,  Oxford,  and  Assistant-Master 
at  Haileybury  College.  {Ready. 

Euripides. — HECUBA.  Edited  by  Rev.  John  Bond,  M.A 
and  A.  S.  Walpole,  M.A.  {Ready. 
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VIII. 

M A wn  XERXES.  Edited  by  A.  H.  Cooke, 

M.A.,  Eeilow  and  Lecturer  of  King’s  CoUtge,  Cambridge. 

SATIRES '■^AND. 

sf^^owfr  by,  • W-  J-  V.  Baker,  M.A.,  Fellow  of: 

College  ‘^'^“bridge  ; Assistant-Master  in  Marlborough 

S^EC^T  EPODES  and  ARS  POETICA.  Edited  by^U^'^A' 
UALTON,  M A.  formerly  Senior  Student  of  Christchurch ; Assistant’-  ■ 
Master  in  Winchester  College.  ’ [7?cady. 

^^'TrTTJ  kings  of  MACEDON.  SCENES 

FROM  THE  LAST  DEC  A DE  OF  LIVY.  Selected  and  Edited  . 

Kaolins,  M.A.,  Fellow  of  King’s  College,  Cambridge:, 
and  Assistant-Master  at  Eton  College.  [/„  pr^parahL. 

Plato. — EUTHYPHRO  AND  MENEXENUS.  Edited  by  C.  E. 
Graves,  M.A.,  Classical  Lecturer  and  late  Fellow  of  St.  John’s  ; 
College,  Cambridge.  [keady. 

Terence SCENES  FROM  the  ANDRIA.  Edited  by  F.  W. 

Cornish,  M.A.,  Assistant-Master  at  Eton  College.  \_Ready. 

The  Greek  Elegiac  Poets. — from  callinus  TO' 

CALLIMACHUS.  Selected  and  Edited  by  Rev.  Herbert 
Kynaston,  D.D.,  Principal  of  Cheltenham  College,  and  formerly 
Fellow  of  St.  John’s  College,  Cambridge.  \Ready. 

Thucydides. — BOOK  IV.  Chs.  L— XLI.  THE  CAPTURE 
_ OF  SPHACTERIA.  Edited  by  C.  E.  Graves,  M.A.  [Ready. 
Virgil.  GEORGICS.  BOOK  II.  Edited  by  Rev.  J.  H.  Skrine, 
M.A.,  late  Fellow  of  Merton  College,  Oxford;  Assistant-Master 
at  Uppingham.  [Ready. . 

***  Other  Volumes  to  follow. 


CLASSICAL  SERIES 
FOR  COLLEGES  AND  SCHOOLS. 

Fcap.  8 VO. 

Being  select  portions  of  Greek  and  Latin  authors,  edited 
with  Introductions  and  Notes,  for  the  use  of  Middle  and 
Upper  forms  of  Schools,  or  of  candidates  for  Public 
Examinations  at  the  Universities  and  elsewhere. 
iEschineS. — in  CTESIPHONTEM.  Edited  by  Rev.  T. 
Gwatkin,  M.A.,  late  Fellow  of  St.  John’s  College,  Cambridge. 

[In  the  press. 

i®schylus, — PERSrii:.  Edited  by  A.  O.  Prickard,  M.A., 
Fellow  and  Tutor  of  New  College,  Oxford.  With  Map.  3r.  6d. 
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Andocides. — DE  MYSTERIIS.  Edited  by  W.  J.  Hickie,  M.A., 
late  Assistant  Master  in  Denstone  College.  [/«  the  press. 

Caesar. — THE  GALLIC  WAR.  Edited  by  Rev.  John  Bond, 
M.A.,  and  A.  S.  Walpole,  M.A.  [/«  preparation. 

Catullus. — SELECT  POEMS.  Edited  by  F.  P.  Simpson,  B.A., 
late  Scholar  of  Balliol  College,  Oxford.  New  and  Revised 
Edition.  5j.  The  Text  of  this  Edition  is  carefully  adapted  to 
School  use. 

Cicero. — THE  CATILINE  ORATIONS.  From  the  German 
of  Karl  Halm.  Edited,  with  Additions,  by  A.  S.  Wilkins, 
M.A.,  LL.D.,  Professor  of  Latin  at  the  Owens  College,  Manchester. 
Examiner  of  Classics  to  the  University  of  London.  New  Edition. 
3r.  (>d. 

PRO  LEGE  MANILIA.  Edited  after  Halm  by  Professor  A.  S. 
Wilkins,  M.A.,  LL.D.  t.s.  6d. 

THE  SECOND  PHILIPPIC  ORATION.  From  the  German 
of  Karl  Halm.  Edited,  with  Corrections  and  Additions, 
by  John  E.  B.  Mayor,  Professor  of  Latin  in  the  University  of 
Cambridge,  and  Fellow  of  St.  John’s  College.  New  Edition, 
revised.  5l 

PRO  ROSCIO  AMERINO.  Edited,  after  Halm,  by  E.  H.  Don- 
kin, M.A.,  late  Scholar  of  Lincoln  College,  Oxford;  Assistant- 
Master  at  Sherborne  School.  4J.  6d. 

PRO  P.  SESTIO.  Edited  by  Rev.  H.  A.  Holden,  M.A.,  LL.D., 
late  Fellow  of  Trinity  College,  Cambridge;  and  late  Cla>;sical 
Examiner  to  the  University  of  London.  5r. 

Demosthenes. — DE  CORONA.  Edited  by  B.  Drake,  M.A., 
late  Fellow  of  King’s  College,  Cambridge.  New  and  revised 
Edition.  4s.  6d. 

ADVERSUS  LEPTINEM.  Edited  by  Rev.  J.  R.  King,  M.A., 
Fellow  and  Tutor  of  Oriel  College,  Oxford.  4s.  6d. 

THE  FIRST  PHILIPPIC.  Edited,  after  C.  Rehdantz,  by  Rev. 
T.  Gw  ATKIN,  M.A.,  late  Fellow  of  St.  John’s  College,  Cambridge. 
2s.  6d. 

IN  MIDIAM.  Edited  by  Prof.  A.  S.  Wilkins,  LL.D.,  and 
Herman  Hager,  Ph.D.,  of  the  Owens  College,  Manchester. 

\In  preparation. 

Euripides.— HIPPOLYTUS.  Edited  by  J.  P.  Mahaffy,  M.  A., 
Fellow  and  Professor  of  Ancient  History  in  Trinity  College,  Dub- 
lin, and  J.  B.  Bury,  Scholar  of  Trinity  College,  Dublin,  y.  6d. 
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Euripides.  MEDEA.  Edited  by  A.  W.  Verrall,  M A 
Fellow  and  Lectuier  of  Trinity  College,  Cambridge.  3/.  6d. 

IPHIGENIA  IN  TAURIS.  Edited  by  E.  B.  England,  M.A 
I.ectmer  at  the  Owens  College,  Manchester.  4s.  6d. 

Herodotus.— books  V.  and  VI.  Edited  by  Rev.  A.  H! 
Cooke,  M.A.,  Fellow  of  King’s  College,  Cambridge. 

[In  preparatioiv. 

BOOKS  VII.  AND  VIII.  THE  INVASION  OF  GREECE  B’i’, 
XERXES.  Edited  by  Thomas  Case,  M.A.,  formerly  Fellov, 
of  Brasenose  College,  Oxford.  \^Ifi  preparatioiv: 

Homer, — ILIAD.  BOOKS  I.,  IX.,  XI.,  XVI.— XXIV.  thii 
STORY  OF  ACHILLES.  Edited  by  the  lace  J.  H.  Prattf 
M.A.,  and  Walter  Leaf,  M.A.,  Fellows  of  Trinity  Colleffe» 
Cambridge.  6r. 

ODYSSEY.  BOOK  IX.  Edited  by  Prof.  John  E.  B.  Mayor; 
2j.  6d. 

ODYSSEY.  BOOKS  XXL— XXIV.  THE  TRIUMPH  OE 
ODYSSEUS.  Edited  by  S.  G.  Hamilton,  B.A.,  Fellow  ofi 
Hertford  College,  Oxford.  3^.  (id, 

Horace. — the  odes.  Edited  by  T.  E.  Page,  M.A.,  formerlj\ 
Fellow  of  St.  John’s  College,  Cambridge  ; Assistant-Master  at 
Charterhouse.  6r.  (BOOKS  I.,  II.,  III.,  and  IV.  separately, 
2J.  each.) 

THE  SATIRES.  Edited  by  Arthur  Palmer,  M.A.,  Fellow  of 
Trinity  College,  Dublin;  Professor  of  Latin  in  the  University  of: 
Dublin.  6s. 

THE  EPISTLES  and  ARS  POETICA.  Edited  by  Professor: 
A,  S.  Wilkins,  M.A.,  LL.D.,  Professor  of  Latin  in  Owens^ 
College,  Manchester;  Examiner  in  Classics  to  the  University  of 
London.  6s. 

Isaeos. — THE  ORATIONS.  Edited  by  William  Ridgeway,. 
M. A.,  Fellow  of  Cains  College,  Cambridge;  and  Professor  of 
Greek  in  the  University  of  Cork.  [In preparation. . 

Juvenal,  thirteen  satires.  Edited,  for  the  Use  of’ 
Schools,  by  E.  G.  Hardy,  M.A.,  Head-Master  of  Grantham. 
Grammar  School ; late  Fellow  of  Jesus  College,  Oxford.  5r. 

The  Text  of  this  Edition  is  carefully  adapted  to  School  use. 

SELECT  SATIRES.  Edited  by  Professor  John  E.  B.  Mayor.. 
X.  AND  XI.  3s.  6d.  XII.— XVI.  4J-.  6d. 
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Livy. — books  II.  AND  III.  Edited  by  Rev.  H.  M.  Stephenson, 
M.A.,  Head-Master  of  St.  Peter’s  School,  York.  Sr. 

BOOKS  XXI.  AND  XXii.  Edited  by  the  Rev,  W.  W.  Capes, 
M.  A.,  Reader  in  Ancient  History  at  Oxford.  With  Maps.  Sr. 

BOOKS  XXIII  AND  XXIV.  Edited  by  G.  C.  Macaulay,  M.A., 
Assistant-Master  at  Rugby.  \In  the  press. 

Lucretius.  BOOKS  I.— HI.  Edited  by  J.  H.  Warburton 
. Lee,  M.A.,  late  Scholar  of  Corpus  Christ!  College,  Oxford,  and 
Assistant-Master  at  Rossall.  4r.  (id. 

Lysias. — SELECT  ORATIONS.  Edited  byE.  S.  Shuckburgh, 
M.A.,  late  Assistant-Master  at  Eton  College,  formerly  Fellow  and 
Assistant-Tutor  of  Emmanuel  College,  Cambridge.  New  Edition, 
revised.  6r. 

Martial.  — SELECT  EPIGRAMS.  Edited  by  Rev.  H.  M. 
Stephenson,  M.A.  6r. 

Ovid. — FASTI.  Edited  by  G.  H.  Hallam,  M.A.,  Fellow  of  St. 
John’s  College,  Cambridge,  and  Assistant-Master  at  Harrow. 
With  Maps.  5'*’- 

HEROIDUM  EPISTUL^  XIII.  Edited  by  E.  S,  Shuckburgh, 
M.A.  4T.  6d. 

METAMORPHOSES.  BOOKS  XIII.  and  XIV.  Edited  by 
C.  Simmons,  M.A.  \In  the  press. 

Plato. — MENO.  Edited  by  E.  S.  Thompson,  M.A.,  Fellow  of 
Christ’s  College,  Cambridge.  \In  preparatimt. 

APOLOGY  AND  CRITO.  Edited  by  F.  J.  H.  Jenkinson, 
M.A.,  Fellow  of  Trinity  College,  Cambridge.  \In preparation. 

THE  REPUBLIC.  BOOKS  I. — V.  Edited  by  T.  H.  Warren, 
M.A.,  Fellow  of  Magdalen  College,  Oxford.  [/«  the  press. 

Plautus. — MILES  GLORIOSUS.  Edited  by  R.  V.  Tyrrell, 
M.  A.,  Fellow  of  Trinity  College,  and  Regius  Professo  of  Greek  in 
the  University  of  Dublin.  Second  Edition  Revised.  $s. 

Pliny. — LETTERS.  BOOK  HI.  Edited  by  Professor  John  E.  B. 
Mayor.  With  Life  of  Pliny  by  G.  H.  Rendall,  M.A.  51. 

Plutarch. — LIFE  OF  THEMISTOKLES.  Edited  by  Rev. 
H.  A.  Holden,  M.A.,  LL.D. 

Polybius.— HISTORY  OF  THE  ACH^AN  LEAGUE.  Being 
Parts  of  Books  II.,  III.,  and  IV.  Edited  by  W.  W,  Capes, 
M.A.  [dn  preparation. 
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Propertius.— SELECT  POEMS. 


■o  . Edited  by  Professor  T.  P* 

Postgate,  M.A.,  Fellow  of  Trinity  College,  Cambridge.  6s. 


Sallust. — CATILINA  AND  JUGURTHA. 
VALE,  D.D.,  Dean  of  Ely.  New  Edition, 
enlarged,  4x.  6J.  Or  separately,  2s.  6d.  each, 


Edited  by  C.  Meri-- 
carefully  revised  and; 


BELLUM  CATULINAE.  Edited  by  A.  M.  Cook,  M.  A.,  Assist- 
ant Master  at  St.  Paul’s  School.  4s.  6d. 


Sophocles.  ANTIGONE.  Edited  by  Rev.  Toh.n  Bond  M A 
and  A.  S.  Walpole,  M.A.  [/« preparation.. 

Tacitus. — AGRICOLA  AND  GERMANIA.  Edited  by  A. 
Church,  M.A.,  and  W.  J.  Brodribb,  M.A.,  Translators  off 
Tacitus.  New  Edition,  y.  6d.  Or  separately,  2s.  each. 

THE  ANNALS.  BOOK  VI.  By  the  same  Editors.  2s.  6d. 

THE  HISTORY.  BOOKS  I.  and  II.  Edited  by  A.  D.  Godi.ey,  , 

\In preparation. . 

THE  ANNALS.  BOOKS  I.  and  II.  Edited  by  J.  S.  Reid,  . 

[/«  preparation. . 

Terence. — HAUTON  TIMORUMENOS.  Edited  by  E.  S.. 
Shuckburgh,  M.A.  3^.  With  Translation,  41.  6d. 

PHORMIO.  Edited  by  Rev.  John  Bond,  M.A.,  and  A.  S.. 
Walpole,  B.A.  4s.  6d. 


Thucydides.  BOOK  IV.  Edited  by  C.  E.  Graves,  M.A 
Classical  Lecturer,  and  late  Fellow  of  St.  John’s  College; 
Cambridge.  5j. 

BOOKS  I.  II.  III.  AND  V.  By  the  same  Editor.  To  be  publishedi 
separately.  [7w  preparation. . 

BOOKS  VI.  AND  VII.  THE  SICILIAN  EXPEDITION.  Edited! 
by  the  Rev.  Percival  Frost,  M. A.,  late  Fellow  of  St.  John’s^ 
College,  Cambridge.  New  Edition,  revised  and  enlarged,  with; 
Map.  SL 

Virgil. — ^NEID.  BOOKS  II.  AND  III.  THE  NARRATIVE, 
OF  ./ENEAS.  Edited  by  E.  W.  PIowsoN,  M.A.,  Fellow  of  King’s! 
College,  Cambridge,  and  Assistant-Master  at  Harrow.  31. 

Xenophon. — HELLENICA,  BOOKS  I.  AND  II.  Edited  by 
H.  Hailstone,  B.A.,  late  Scholar  of  Peterhouse,  Cambridge. 
With  Map.  4s.  6d. 
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Xenophon. — CYROP^DIA.  BOOKS  VII.  and  VIII.  Edited 
by  Alfred.  Goodwin,  M.A.,  Professor  of  Greek  in  University 
College,  London.  5r. 

MEMORABILIA  SOCRATIS.  Edited  by  A.  R.  Cluer,  B.A. 
Balliol  College,  Oxford.  6s. 

THE  ANABASIS.  BOOKS  I.— IV.  Edited  by  Professors  W.  W. 
Goodwin  and  J.  W.  White.  Adapted  to  Goodwin’s  Greek 
Grammar.  With  a Map.  ^s. 

HIERO.  Edited  by  Rev.  H.  A.  Holden,  M.A.  LL.D.  31-.  6d. 

OECONOMICUS.  By  the  same  Editor.  With  Introduction, 
Explanatory  Notes,  Critical  Appendix,  and  Lexicon.  6s. 

Olher  Volumes  ■will follow. 


CLASSICAL  LIBRARY. 

(i)  Texts,  Edited  with  Introductions  and  Notes, 
for  the  use  of  Advanced  Students.  (2)  Commentaries 
and  Translations. 

.ffischylus.— the  EUMENIDES.  The  Greek  Text,  with 
Introduction,  English  Notes,  and  Verse  Translation.  By  Bernard 
Drake,  M.A.,  late  Fellow  of  King’s  College,  Cambridge. 
8vo.  5r. 

AGAMEMNON,  CHOEPHORCE,  AND  EUMENIDES.  Edited, 
with  Introduction  and  Notes,  by  A.  O.  Prickard,  M.A.,  Fellow 
and  Tutor  of  New  College,  Oxford.  8vo.  \In  preparatioti. 

AGAMEMNO.  Emendavit  David  S.  Margoliouth,  Coll.  Nov. 
Oxon.  Soc.  Demy  8vo.  is.  6d. 

SEPTEM  CONTRA  THEBAS.  Edited  with  Introduction  and 
Notes  by  A.  W.  Verrall,  M.A.,  Fellow  of  Trinity  College, 
Cambridge.  8vo.  \ln  preparation. 

Antoninus,  Marcus  Aurelius. — BOOK  IV,  OF  THE 
MEDITATIONS.  The  Text  Revised,  with  Translation  and 
Notes,  by  Hastings  Crossley,  M.A.,  Professor  of  Greek  in 
Queen’s  College,  Belfast.  8vo.  6s. 
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Aristotle.— THE  metaphysics,  book  I.  Translated  U 

a Cambridge  Graduate.  Svo.  5r.  \Book  II,  in  preparation 

THE  POLITICS.  Edited,  after  Susemihl,  by  R.  D.  Hick*;' 
M.A.,  Fellow  of  Trinity  College,  Cambridge.  Svo.  [/«  the  pres.. 

THE  POLITICS.  Translated  by  Rev.  J.  E.  C.  Welldon,  M.Ai. 
Fellow  of  King’s  College,  Cambridge,  and  Head-Master  << 
Harrow  School.  Crown  Svo.  iw.  (id. 

THE  RHETORIC.  By  the  same  Translator.  \In  preparation. 

AN  INTRODUCTION  TO  ARISTOTLE’S  RHETORIC 
With  Analysis,  Notes,  and  Appendices.  By  E.  M.  Cope,  Fellov'\ 
and  Tutor  of  Trinity  College,  Cambridge.  Svo.  14s. 

THE  SOPHISTICI  ELENCHI.  With  Translation  and  Notee 
by  E.  PosTE,  M.A.,  Fellow  of  Oriel  College,  Oxford.  Svo.  Sr.  6a>i 

Aristophanes. — the  BIRDS.  Translated  into  English  Verses 
with  Introduction,  Notes,  and  Appendices,  by  B.  H.  Kennedyi 
D.D.,  Regius  Professor  of  Greek  in  the  University  of  Cambridge^ 
Crown  Svo.  6s.  Help  Notes  to  the  same,  for  the  use  00 
Students,  is.  6d. 

Attic  Orators.— FROM  ANTIPHON  TO  ISAEOS.  BI 
R.  C.  Jebb,  M.A.,  LL.D.,  Professor  of  Greek  in  the  Universit' 
of  Glasgow.  2 vols.  Svo.  25^. 

SELECTIONS  FROM  ANTIPHON,  ANDOKIDES,  LYSIAS5 
ISOKRATES,  AND  IS^OS.  Edited,  with  Notes,  by  Pro> 
lessor  Jebb.  Being  a companion  volume  to  the  preceding  world 
Svo.  I2r.  6d. 

BabriuS. — Edited,  with  Introductory  Dissertations,  Critical  Notes'^ 
Commentary  and  Lexicon.  By  Rev.  W.  Gunion  Rutherford:^ 
M.  A.,  LL.D.,  Head-Master  of  Westminster  School.  Svo.  I'is.  6d:. 

Cicero. — the  ACADEMICA.  The  Text  revised  and  explainer 
by  J.  S.  Reid,  M.L.,  Fellow  of  Caius  College,  Cambridge: 
Svo.  1 5^. 

THE  ACADEMICS.  Translated  by  J.  S.  Reid,  M.L.  Svo.  Sr.  6d. 

SELECT  LETTERS.  After  the  Edition  of  Albert  Watson,, 
M.A.  Translated  by  G.  E.  Jeans,  M.A.,  Fellow  of  Hertforcj 
College,  Oxford,  and  Assistant-Master  at  Haileybury.  Svo.. 
lOf.  6d. 


{See  also  Classical  Series.) 
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Euripides. — MEDEA.  Edited,  with  Introduction  and  Notes,  by 
A.  W.  Verrall,  M.A.,  Fellow  and  Lecturer  of  Trinity  College, 
Cambridge.  8vo.  yr.  (>d. 

INTRODUCTION  TO  THE  STUDY  OF  EURIPIDES.  By 
Professor  J.  P.  Mahaffy.  Fcap.  8vo.  is.  6d.  {Classical  Wrilers 
Series.) 

(See  also  Classical  Series. 

Herodotos.— BOOKS  I.— III.  THE  ANCIENT  EMPIRES 
OF  THE  EAST.  Edited,  with  Notes,  Introductions,  and  Ap- 
pendices, by  A.  H.  Sayce,  Deputy-Professor  of  Comparative 
Philology,  Oxford;  Honorary  LL.D.,  Dublin.  Demy  8vo.  \6s. 

BOOKS  iv.— IX.  Edited  by  Reginald  W.  Macan,  M.A., 

Lecturer  in  Ancient  History  at  Brasenose  College,  Oxford.  8vo. 

[In  preparation. 

Homer. — the  ILIAD.  Edited,  with  Introduction  and  Notes, 
by  Walter  Leaf,  M.A.,  Fellow  of  Trinity  College,  Cambridge, 
and  the  late  J.  H.  Pratt,  M.A.  8vo.  [In  preparation. 

THE  ILIAD.  Translated  into  English  Prose.  By  Andrew 
Lang,  M.A.,  Walter  Leaf,  M.A.,  and  Ernest  Myers,  M.A. 
Crown  8vo.  izs.  6d. 

THE  ODYSSEY.  Done  into  English  by  S.  H.  Butcher,  M.A., 
Professor  of  Greek  in  the  University  of  Edinburgh,  and  Andrew 
Lang,  M.A.,  late  Fellow  of  Merton  College,  Oxford.  Fifth 
Edition,  revised  and  corrected.  Crown  8vo.  los.  6d. 

INTRODUCTION  TO  THE  STUDY  OF  HOMER.  By  the 
Right  Hon.  W.  E.  Gladstone,  M.P.  i8mo.  is.  {Literature 
Primers.) 

HOMERIC  DICTIONARY.  For  Use  in  Schools  and  Colleges. 
Translated  from  the  German  of  Dr.  G.  Autenrieth,  with  Addi- 
tions and  Corrections,  by  R.  P.  Keep,  Ph.D.  With  numerous 
Illustrations.  Crown  8vo,  6r. 

(See  also  Classical  Series.) 

Horace.— THE  WORKS  OF  Horace  rendered  into 

ENGLISH  PROSE.  With  Introductions,  Running  Analysis, 
Notes,  &c.  By  J.  Lonsdale,  M.A.,  and  S.  Lee,  M.A.  {Globe 
Edition.)  ^s.  6d. 

STUDIES,  LITERARY  AND  HISTORICAL,  IN  THE  ODES 
OF  HORACE.  By  A.  W.  Verrall.  Fellow  of  Trinity  College, 
Cambridge.  Demy  8vo.  8r.  6d. 

(See  also  Classical  Series. ) 
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Juvenal.— thirteen  satires  of  juvenal  With 

Commentai7.  By  John  E.  B.  Mayor,  M.A.,  Professw  oKti- 

1!'  if  “r 

^ into  English  after  the  Text 

lyii.^an^d  Sa\X”?S^Sr-|a;^''  "f ™ » 

College,  in  the  U„ive„i,g  of  MSurn"'.'' CroT“l“.  VS' ' 
f . (See  also  Classical  Seriesl) 

''r  „T""“'ote<l  by  Alfred  Jdhz 

ST'X  mS  of°"<?rf  f';  inCKSON  LoDk“» 

^s.6d.  ^ ^ ^ ^ College,  Cambridge.  Cr.  8vo 

STUDY  OF  LIVY.  By  RevJ 

j/P'  History  at  Oxford.  Fcap.  8vod 

IJ.  6d.  (Classual  IVnters  Series.)  ^ ^ 

__  . (See  also  C/iwr/ra/ 

Martial.  BOOKS  I.  and  II.  OF  THE  EPIGRAMS  Fdit«U 
wA  Introduction  and  Notes,  by  Profes.cor  J.  E.  B.  Mayor,  M.AV 

/c  1 . \In  the  press: 

(See  also  Classical  Series.) 

DESCRIPTION  OF  GREECE.  Translated 
J.  G.  Frazer,  M.A.,  Fellow  of  Trinity  College,  Cambridge. 

. \_ln  preparations 

Phrymchus.— THE  NEW  PHRYNICHUS;  being  a Reviseo 

lext  01  the  Ecloga  of  the  Grammarian  Phrynichus.  With  Intro, 
auction  and  Commentary  by  Rev.  W.  Gunion  -Rutherford 
M.A.,  LL.D,,  Head  Master  of  Westminster  School.  8vo.  iSs.. 

Pindar. — the  extant  odes  of  PINDAR.  Translatec 
into  English,  with  an  Introduction  and  short  Notes,  by  Ernest 
Myers,  M.A.,  late  Fellow  of  Wadham  College,  Oxford.  Seconc, 
Edition.  Crown  8vo.  5j. 

THE  OLYMPIAN  AND  PYTHIAN  ODES.  With  an  Intro 
ductory  Essay,  Notes,  and  Indexes.  By  Basil  Gildersleeve, 
Professor  of  Greek  in  the  Johns  Hopkins  University,  Baltimore. 
Crown  8vo.  "js.  6d. 


Plato.  PH.fEDO.  Edited,  with  Introduction,  Notes,  and  Appen- 
dices, by  R.  D.  Archer-Hind,  M.A.,  Fellow  of  Trinity  College. 
Cambridge.  8vo.  8r.  6d. 

PHILEBUS.  Edited,  with  Introduction  and  Notes,  by  Henry 
Jackson,  M.A.,  Fellow  of  Trinity  College,  Cambridge.  8vo. . 

[In  preparcUion.x 
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. Plato. — THE  REPUBLIC. — Edited,  with  Introduction  and  Notes, 

by  H.  C.  Goodhart,  M.A.,  Fellow  of  Trinity  College,  Cam- 
bridge, 8vo  \In  preparation. 

L THE  REPUBLIC  OF  PLATO.  Translated  into  English,  with  an 
[ Analysis  and  Notes,  by  J.  Ll.  Davies,  M.  A.,  and  D.  J,  Vaughan, 
M.A.  i8mo.  4J.  (>d. 

EUTHYPHRO,  APOLOGY,  CRITO,  AND  PH^DO.  Trans- 
lated by  F.  J.  Church.  Crown  8vo.  4J.  6d. 

(See  also  Classical  Series.) 

Plautus.— THE  MOSTELLARIA  OF  PLAUTUS.  With  Notes, 
Prolegomena,  and  Excursus.  By  William  Ramsay,  M.A., 
formerly  Professor  of  Humanity  in  the  University  of  Glasgow. 
Edited  by  Professor  George  G.  Ramsay,  M.A.,  of  the  University 
of  Glasgow.  8vo.  14J. 

(See  also  Classical  Series.) 

Polybius. — THE  HISTORIES.  Translated,  with  Introduction 
and  Notes,  by  E.  S.  Shuckburgh,  M.A.  8vo.  \_In preparation. 

Sallust.— CATILINE  AND  JUGURTHA.  Translated,  with 
Introductory  Essays,  by  A.  W.  Pollard,  B.A.  Crown  8vo.  6r 
(See  also  Classical  Series.) 

Studia  Sccnica.  Part  I.,  Section  I.  Introductory  Study  on 
the  Text  of  the  Greek  Dramas.  The  Text  of  SOPHOCLES’ 
TRACHINIAE,  1-300.  By  David  S.  Margoliouth,  Fellow 
of  New  College,  Oxford.  Demy  8vo.  2s.  6d. 

Tacitus. — THE  ANNALS.  Edited,  with  Introductions  and 
Notes,  by  G.  O.  Holbrooke,  M.A.,  Professor  of  Latin  in  Trinity 
College,  Hartford,  U.S.A.  With  Maps.  8vo.  i6r. 

THE  ANNALS.  Translated  by  A.  J.  Church,  M.A.,  and  W.  J. 
Brodribb,  M.A.  With  Notes  and  Maps.  New  Edition.  Cr.  8vo. 
Js.  6d. 

THE  HISTORIES.  Edited,  with  Introduction  and  Notes,  by 
Rev.  W.  A.  Spooner,  M.A.,  and  H.  M.  Spooner,  M.A.,  Fellow 
of  New  College,  Oxford.  8vo.  [/«  preparation. 

THE  HISTORY.  Translated  by  A.  J.  Church,  M.A.,  and  W. 
J.  Brodribb,  M.A.  With  Notes  and  a Map.  Crown  8vo.  6j 

THE  AGRICOLA  AND  GERMANY,  WITH  THE  DIALOGUE 
ON  ORATORY.  Translated  by  A.  J.  Church,  M.A.,  and 
W.  J.  Brodribb,  M.A.  With  Notes  and  Maps.  New  and 
Revised  Edition.  Crown  8vo.  4^.  (id. 

INTRODUCTION  TO  THE  STUDY  OF  TACITUS.  By 
A.  J.  Church,  M.A.  and  W.  J.  Brodribb,  M.A.  Fcap.  8vo. 
l8mo.  IS.  6d.  {Classical  Writers  Series.) 

Theocritus,  Bion,  and  l^^oschus.  Rendered  into  English 
, Prose  with  Introductory  Essay  by  A.  Lang,  M.A.  Crown  8vo.  6s. 
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Theophrastus.  THE  CHARACTERS.  Edited  with  Translaa 
tion  and  Notes  by  R.  C.  Jebb,  M.A.,  LL.D.,  Professor  of  Grcel- 
in_  the  University  of  Glasgow.  New  Edition.  8vo.  \ln  the  press: 

Virgil.  — the  works  of  VIRGIL  RENDERED  INTC 
ENGLISH  PROSE,  with  Notes,  Introductions,  Running  Analysis,' 
and  an  Index,  by  James  Lonsdale,  M.A.,  and  Samuel  Lee,, 
M.A.  New  Edition.  Globe  8vo.  3^.  6d. 

THE  ./dJNEID.  Translated  by  J.  W.  Mackail,  M.A.,  Fellow  oj 
Balliol  College,  Oxford.  Crown  8vo.  yr.  6d. 

GRAMMAR,  COMPOSITION,  & PHILOLOGY.' 

Belcher. — SHORT  EXERCISES  IN  LATIN  PROSE  COM! 
POSITION  AND  EXAMINATION  PAPERS  IN  LATIbN 
GRAMMAR,  to  which  is  prefixed  a Chapter  on  Analysis  ofi 
Sentences.  By  the  Rev.  H.  Belcher,  M.A.,  Assistant-Master  inj 
King’s  College  School,  London.  New  Edition.  i8mo.  is.  6d. 

KEY  TO  THE  ABOVE  (for  Teachers  only).  2s.  6d. 

SHORT  EXERCISES  IN  LATIN  PROSE  COMPOSITION, 
Part  II.,  On  the  Syntax  of  Sentences,  with  an  Appendix,  includ-.- 
ing  EXERCISES  IN  LATIN  IDIOMS,  &c.  i8mo.  2s. 

KEV  TO  THE  ABOVE  (for  Teachers  only).  3r. 

Blackie. — GREEK  AND  ENGLISH  DIALOGUES  FOR  USE 
IN  SCHOOLS  AND  COLLEGES.  By  John  Stuart  Blackie,, 
Emeritus  Professor  of  Greek  in  the  University  of  Edinburgh.. 
New  Edition.  Fcap.  8vo.  2s.  6d. 

Bryans. — LATIN  PROSE  EXERCISES  BASED  UPONv 
CAESAR’S  GALLIC  WAR.  With  a Classification  of  Caesar’s- 
Chief  Phrases  and  Grammatical  Notes  in  Caesar’s  Usages.  Byy 
Clement  Bryans,  M.A.,  Assistant-Master  in  Dulwich  College,:, 
late  Scholar  in  King’s  College,  Cambridge,  and  Bell  University}- 
Scholar.  Extra  fcap.  8vo.  2s.  6d. 

GREEK  PROSE  EXERCISES  based  upon  Thucydides.  By  thee 
same  Author.  Extra  fcap.  8vo.  [/« preparation:. 

Colson. — A FIRST  GREEK  READER.  By  F.  H.  Colson,, 
M.A.,  Fellow  of  St.  John’s  College,  Cambridge,  and  Senior: 
Classical  Master  at  Bradford  Grammar  School.  Globe  8vo. 

[/«  preparation,. 

Eicke. — FIRST  LESSONS  IN  LATIN.  By  K.  M.  Eicke,  B.  A., 
Assistant-Master  in  Oundle  School.  Globe  8vo.  2s. 

Ellis.— PRACTICAL  HINTS  ON  THE  QUANTITATIVE 
PRONUNCIATION  OF  LATIN,  for  the  use  of  Classical 
Teachers  and  Linguists.  By  A.  J.  Ellis,  B.A.,  F.R.S.  Extra, 
fcap.  8vo.  4J.  (sd. 
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England. — exercises  on  latin  syntax  and  idiom, 

ARRANGED  WITH  REFERENCE  TO  ROBY’S  SCHOOL 
LATIN  GRAMMAR.  By  E.  B.  England,  M.A.,  Assistant 
Lecturer  at  the  Owens  College,  Manchester.  Crown  8vo.  2S.  6d. 
Key  for  Teachers  only,  2s.  6d. 

Goodwin. — Works  by  W.  W.  Goodwin,  LL.D.,  Professor  of 
Greek  in  Harvard  University,  U.S.A. 

SYNTAX  OF  THE  MOODS  AND  TENSES  OF  THE  GREEK 
VERB.  New  Edition,  revised.  Crown  8vo.  6r.  (>d. 

A GREEK  GRAMMAR.  New  Edition,  revised.  Crown  8vo. 

“It  is  the  best  Greek  Grammar  of  its  size  in  the  English  language.” — • 
Athenaeum. 

A GREEK  GRAMMAR  FOR  SCHOOLS.  Crown  8vo.  3s.  6d. 
Greenwood. — the  elements  OF  GREEK  GRAMMAR, 

including  Accidence,  Irregular  Verbs,  and  Principles  of  Deriva- 
tion and  Composition ; adapted  to  the  System  of  Crude  Forms. 
By  J.  G.  Greenwood,  Principal  of  Owens  CoUege,  Manchester. 
New  Edition.  Crown  8vo.  3s.  6d. 

Hadley  and  Allen. — a GREEK  GRAMMAR  FOR 
SCHOOLS  AND  COLLEGES.  By  James  Hadley,  late 
Professor  in  Yale  College.  Revised  and  in  part  Rewritten  by 
Frederic  de  Forest  Allen,  Professor  in  Harvard  College. 
Crown  8vo.  6s. 

Hodgson. — MYTHOLOGY  FOR  LATIN  VERSIFICATION. 
A brief  Sketch  of  the  Fables  of  the  Ancients,  prepared  to  be 
rendered  into  Latin  Verse  for  Schools.  By  F.  Hodgson,  B.D., 
late  Provost  of  Eton.  New  Edition,  revised  by  F.  C.  Hodgson, 
M.A.  i8mo.  3L 

Jackson. — FIRST  STEPS  TO  GREEK  PROSE  COMPOSI- 
TION. By  Blomfield  Jackson,  M.A.,  Assistant-Master  in 
King’s  College  School,  London.  New  Edition,  revised  and 
enlarged.  i8mo.  is.  6d. 

KEY  TO  FIRST  STEPS  {for  Teachers  only).  i8mo.  3s.  6d. 
SECOND  STEPS  TO  GREEK  PROSE  COMPOSITION,  with 
Mifcellaneous  Idioms,  Aids  to  Accentuation,  and  Examination 
Papers  in  Greek  Scholarship.  i8mo.  2s.  6d. 

KEY  TO  SECOND  STEPS  (for  Teachers  only).  i8mo.  3s.  6d. 

Kynaston. — EXERCISES  IN  THE  COMPOSITION  OF 
GREEK  IAMBIC  VERSE  by  Translations  from  English  Dra- 
matists. By  Rev.  H.  Kynaston,  D.D.,  Principal  of  Cheltenham 
College.  With  Introduction,  Vocabulary,  &c.  New  Edition, 
revised  and  enlarged.  Extra  fcap.  8vo.  5^, 

KEY  TO  THE  SAME  (for  Teachers  only).  Extra  fcap.  8vo.  6d. 
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By  A.  M. 


VERSE 

in  St.  Paul’s  School.  Globe  s/o.  ' 

?uH|eSs^G;LttsS.“““^  isx-’^p' 

“^<=™-““„--FIRST  LATIN  GRAMMAR.  By  Tc^T":. 

MILLAN,  M.A.,  late  Scholar  of  Christ’s  College  C-mihrM 
sometime  Assistant-Master  in  St.  Paul’s  School.^  NLEditiln’' 

S:t-  tL^rc^nSc?  ^ P— ^ 

Macmillan’s  Progressive  Latin  Course 

Cook,  M.  A.,  Assistant-Master  at  St.  Paul's  School 

Marshan._A  TABLE  of  IRREGULif  gSk 

dassified  according  to  the  arrangement  of  Curtius  s Greek  Grammar. 

Master  of  the  Cathedra] 
School,  Durham.  8vo,  cloth.  New  Edition,  ij. 

Mayor  (John  E.  B.)— first  GREEK  READER,  Edited 
alter  Karl  Halm,  with  Corrections  and  large  Additions  bv  Pro- 
fessor  John  E B.  Mayor,  M.A.,  Fellow  of  St.  John’s  College, 
Cambridge.  New  Edition,  revised.  Fcap.  8vo.  4s  6d 
Mayor  (Joseph  B.)— GREEK  FOR  BEGINNERS.'  By  the 
Rev.  J.  B.  Mayor,  M.A.,  Professor  of  Classical  Literature  in 
Kings  College,  London.  Part  I.,  with  Vocabulary,  ij. 

Parts  II.  and  III.,  with  Vocabulary  and  Index,  3^  6d.  Complete 
in  one  Vol.  fcap.  8vo.  41.  61/. 

Nixon.-— PARALLEL  EXTRACTS  arranged  for  translation  into 
English  and  Latin,  with  Notes  on  Idioms.  By  J.  E.  Nixon 
M.A.,  Fellow  and  Classical  Lecturer,  King’s  College,  Cambridge! 
Pa.rt  I.  Historical  and  Epistolary.  New  Edition,  revised  and 
enlarged.  Crown  8vo.  3^.  6d. 


Peile.— A PRIMER  OF  PHILOLOGY.  By  J.  Peile,  M.A., 
Fellow  and  Tutor  of  Christ’s  College,  Cambridge.  i8mo.’  is. 

Postgate  and  Vince.— a DICTIONARY  OF  LATIN 
ETYMOLOGY.  By  J.  P.  Postgate,  M.A.,  and  C.  A.  Vince, 
M.A.  [/,j  preparation, 

Potts  (A.  W.) — Works  by  Alexander  W.  Potts,  M.A., 
LL.D.,  late  Fellow  of  St.  John’s  College,  Cambridge;  Head 
Master  of  the  Fettes  College,  Edinburgh. 

HINTS  TOWARDS  LATIN  PROSE  COMPOSITION.  New 
Edition.  Extra  fcap.  8vo.  3J. 
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PASSAGES  FOR  TRANSLATION  INTO  LATIN  PROSE. 
Edited  with  Notes  and  References  to  the  above.  New  Edition. 
Extra  fcap.  8vo.  2s.  6d. 

LATIN  VERSIONS  OF  PASSAGES  FOR  TRANSLATION 
INTO  LATIN  PROSE  (for  Teachers  only),  2s.  6d. 

Reid. — A GRAMMAR  OF  TACITUS.  By  J.  S.  Reid,  M.L., 
Fellow  of  Cains  College,  Cambridge.  [In  preparation. 

A GRAMMAR  OF  VERGIL.  By  the  same  Author. 

[In  preparation, 

* * Similar  Grammars  to  other  Classical  Authors  will  probably  follow. 
Roby. — A GRAMMAR  OF  THE  LATIN  LANGUAGE,  from 
Plautus  to  Suetonius.  By  H.  J.  Roby,  M.A.,  late  Fellow  of  St. 
John’s  College,  Cambridge.  In  Two  Parts.  Third  Edition. 
Part  I.  containing; — Book  I.  Sounds.  Book  II.  Inflexions. 
Book  III.  Word-formation.  Appendices.  Crown  8vo.  8r.  (id. 
Part  II.  Syntax,  Prepositions,  &c.  Crown  8vo.  lor.  6^/. 

‘‘Marked  by  the  clear  and  practised  insight  of  a master  in  his  art.  A hook  that 
would  do  honour  to  any  country." — ATHEN./iiUM. 

SCHOOL  LATIN  GRAMMAR.  By  the  same  Author.  Crown 
8vo.  5r. 

Rush. — SYNTHETIC  LATIN  DELECTUS,  A First  Latin 
Construing  Book  arranged  on  the  Principles  of  Grammatical 
Analysis.  With  Notes  and  Vocabulary.  By  E.  Rush,  B.A. 
With  Preface  by  the  Rev.  W.  F.  Moulton,  M.A.,  D.D.  New 
and  Enlarged  Edition.  Extra  fcap.  8vo.  2s.  6d. 

Rust. — FIRST  STEPS  TO  LATIN  PROSE  COMPOSITION, 
By  the  Rev.  G.  Rust,  M.A.,  of  Pembroke  College,  Oxford, 
Master  of  the  Lower  School,  King’s  College,  London.  New 
Edition.  i8mo.  ir.  6d. 

Rutherford. — Works  by  the  Rev.  W.  GuNioN  Rutherford, 
M.A.,  LL.D.,  Head-Master  of  Westminster  School. 

A FIRST  GREEK  GRAMMAR.  New  Edition,  enlarged.  Extra 
. fcap.  8 VO.  IS.  (id. 

TPIE  NEW  PHRYNICHUS  ; being  a Revised  Text  of  the 
Ecloga  of  the  Grammarian  Phrynichus.  With  Introduction  and 
Commentary.  8vo.  i8r. 

Simpson.— LATIN  PROSE  AFTER  THE  BEST  AUTHORS. 
By  F.  P.  Simpson,  B.A.,  late  Scholar  of  Balliol  College,  Oxford, 
Part  I.  CAESARIAN  PROSE.  Extra  fcap.  8vo.  2s.  6d. 
Thring. — Works  by  the  Rev.  E.  Thring,  M.A.,  Head-Master  of 
Uppingham  School. 

A LATIN  GRADUAL.  A First  Latin  Construing  Book  for 
Beginners.  New  Edition,  enlarged,  with  Coloured  Sentence 
Maps.  Fcap.  8vo.  2s.  6d. 

‘ A MANUAL  OF  MOOD  CONSTRUCTIONS.  Fcap.Svo.  is.6d. 

C 2 
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GREEK.  Adapted  to  GOOD- 
designed  as  an  introduction 
XENOPHON.  By  John  Williams 
White,  Ph.D.,  Assistant-Professor  of  Greek  in  Harvard  Univer- 
sity. Crown  8vo.  4J.  (id. 

Head  Master  of 

Sutton  Coldfield  School. 

F GRAMMAR;  or,  The  Form  and  Use  of 

Words  in  Latin,  with  Progi-essive  Exercises.  Crown  8vo.  ±s  6d 

THE  SpEN  KINGS  OF  ROME.  An  Easy  Narrative?  abridged 
^om  the  First  Book  of  Livy  by  the  omission  of  Difficult  Passages  ; 
being  a First  Latin  Reading  Book,  with  Grammatical  Notes  and 
Vocabulary.  New  and  revised  Edition.  Fcap.  8vo.  -is.  6d 

FFJ  STEPS  ; OR,  AN  INTRODUCTION  BY  A 

SERIES  OF  EXAMPLES  TO  THE  STUDY  OF  THE 
LATIN  LANGUAGE.  Crown  8vo.  3^. 

ATTIC  PRIMER.  Arranged  for  the  Use  of  Beginners.  Extra 
fcap.  8vo.  2s.  (id. 

COMPLETE  LATIN  COURSE,  comprising  Rules  with 
Examples,  Exercises,  both  Latin  and  English,  on  each  Rule,  and 
Vocabularies.  Crown  8vo.  2s.  6d. 

Wright  (H.  C.)— exercises  ON  THE  LATIN  SYNTAX 
By  Rev.  H.  C.  Wright,  B.A.,  Assistant-Master  at  Haileybury 
College,  i8mo. [/„  preparation. 

ANTIQUITIES,  ANCIENT  HISTORY,  AND 
PHILOSOPHY. 

Arnold, — Works  by  W.  T.  Arnold,  B.A. 

A HANDBOOK  OF  LATIN  EPIGRAPHY,  {Tn  preparation. 

THE  ROMAN  SYSTEM  OF  PROVINCIAL  ADMINISTRA- 
TION TO  THE  ACCESSION  OF  CONSTANTINE  THE 
GREAT.  Crown  8vo.  6r. 

Arnold  (T.)~THE  HISTORY  OF  THE  SECOND  PUNIC 
WAR.  By  Thomas  Arnold,  D.D.  Edited,  with  Introduction 
and  Notes,  by  W.  T.  Arnold,  B.A.  Crown  8vo.  [/«  the  press. 

Beesly. — STORIES  FROM  TPIE  HISTORY  OF  ROME.’ 
By  Mrs.  Beesly.  Fcap.  8vo.  2s.  6d. 

Classical  Writers. — Edited  by  John  Richard  Green,  M.A., 
LL.D.  Fcap.  8vo.  • is.  6d.  each. 

EURIPIDES.  By  Professor  MahaFfy. 

MILTON.  By  the  Rev.  Stopford  A.  Brooke,  M.A. 

LIVY,  By  the  Rev.  W.  W.  Capes,  M.A. 

VIRGIL.  By  Professor  Nettleship,  M.A. 

SOPHOCLES.  By  Professor  L.  Campbell,  M.A. 
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Classical  Writers  {Continued) — 

DEMOSTHENES.  By  Professor  S.  H.  Butcher,  M.A. 
TACITUS.  By  Professor  A.  J.  Church,  M.A.,  and  W,  J, 
Brodribb,  M.A. 

Freeman. — PIISTORY  OF  ROME.  By  Edward  A.  Free- 
man, D.C.L.,  LL.D.,  Hon.  Fellow  of  Trinity  College,  Oxford. 
Regius  Professor  of  Modern  History  in  the  University  of  Oxford, 
{Historical  Cotirse for  Schools.)  i8mo.  \In preparation. 

A SCHOOL  HISTORY  OF  ROME.  By  the  same  Author. 

Crown  8vo.  [/«  preparation. 

HISTORICAL  ESSAYS.  Second  Series.  [Greek  and  Roman 
History.]  By  the  same  Author.  8vo.  lor.  6d. 

Fyffe. — A SCHOOL  HISTORY  OF  GREECE.  By  C.  A. 
Fyffe,  M.A.,  late  Fellow  of  University  College,  Oxford.  Crown 
8vo.  [/« preparation. 

Geddes.  — the  problem  of  the  Homeric  poems. 

By  W.  D.  Geddes,  Professor  of  Greek  in  the  University  of 
Aberdeen.  8vo.  145. 

Gladstone. — Works  by  the  Rt.  Hon.  W.  E.  Gladstone,  M.P. 
THE  TIME  AND  PLACE  OF  HOMER.  Crown  8vo.  6r.  6d. 
A PRIMER  OF  HOMER.  i8mo.  u. 

Jackson. — A MA.NUAL  OF  GREEK  PHILOSOPHY.  By 
Henry  Jackson,  M.A.,  Fellow  and  Prtelector  in  Ancient 
Philosophy,  Trinity  College,  Cambridge.  \In  preparation. 

Jebb  . — Works  by  R.  C.  Jebb,  M.  A.,  Professor  of  Greek  in  the 
University  of  Glasgow. 

THE  ATTIC  ORATORS  FROM  ANTIPHON  TO  ISAEOS. 
2 vols.  8vo.  25A 

SELECTIONS  FROM  THE  ATTIC  ORATORS,  ANTIPHON, 
ANDOKIDES,  LYSIAS,  ISOKRATES,  AND  IS^OS. 
Edited,  with  Notes.  Being  a companion  volume  to  the  preceding 
work.  8vo.  \2s.  6d. 

A PRIMER  OF  GREEK  LITERATURE.  i8mo.  is. 
Kiepert. — manual  of  ancient  geography.  Trans- 
lated from  the  German  of  Dr.  Heinrich  Kiepert.  Crown  8vo.  5r. 
Mahaffy  . — Works  by  J.  P.  Mahaffy,  M.A.,  Professor  of  Ancient 
History  in  Trinity  College,  Dublin,  and  Hon.  Fellow  of  Queen’s 
College,  Oxford. 

SOCIAL  LIFE  IN  GREECE ; from  Homer  to  Menander, 
Fourth  Edition,  revised  and  enlarged.  Crown  8vo.  pr. 
RAMBLES  AND  STUDIES  IN  GREECE.  With  Illustrations. 

Second  Edition.  With  Map.  Crown  8vo.  los.  6d. 

A PRIMER  OF  GREEK  ANTIQUITIES.  With  Illustrations. 
i8mo.  Is. 

EURIPIDES.  i8mo.  Ij.  6d.  {Classical  Writers  Series.) 
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Mayor  (J.  E.  B.)— BIBLIOGRAPHICAL  CLUE  TO  LATIN 
LITERATURE.  Edited  after  HObner,  with  large  Additions! 
by  Professor  John  E.  B.  Mayor.  Crown  8vo.  loj.  6d. 

Newton. — ESSAYS  IN  ART  AND  ARCHAEOLOGY.  By 
C.  T.  Newton,  C.B.,  D.C.L.,  Professor  of  Archeology  ini 
University  College,  London,  and  Keepei-  of  Greek  and  Roman  i 
Antiquities  at  the  British  Museum.  8vo.  I2r.  6d. 

Ramsay. — a SCPIOOL  HISTORY  OF  ROME.  By  G.'G. 
Ramsay,  M.A.,  Professor  of  Humanity  in  the  University  of: 
Glasgow.  With  Maps.  Crown  8vo.  [/« preparation. 

Sayce.— the  ANCIENT  EMPIRES  OF  THE  EAST.  By 
A.  H.  Sayce,  Deputy-Professor  of  Comparative  Philosophy, , 
Oxford,  Hon.  LL.  D.  Dublin.  Crown  8vo.  6s. 

Schwegler. — a TEXT-BOOK  of  GREEK  PHILOSOPHY. 
Translated  from  the  German  by  Henry  Norman.  8vo. 

[Inihe  press. . 

Wilkins. — A PRIMER  OF  ROMAN  ANTIQUITIES.  By 
Professor  Wilkins.  Illustrated.  i8mo.  u. 


MATHEMATICS. 

(i)  Arithmetic,  (2)  Algebra,  (3)  Euclid  and  Ele- 
mentary Geometry,  (4)  Mensuration,  (5)  Higher- 
Mathematics. 

ARITHMETIC. 

Aldis.— the  GREAT  GIANT  ARITHMOS.  A most  Elementary 
Arithmetic  for  Children.  By  Mary  Steadman  Aldis.  With; 
Illustrations.  Globe  8vo.  2s.  6d. 

Brook-Smith  Q.). — ARITHMETIC  IN  THEORY  AND 
PRACTICE.  By  J.  Brook-Smith,  M.A.,  LL.B.,  St.  John’s- 
College,  Cambridge  ; Barrister-at-Law ; one  of  the  Masters  of  ■ 
Cheltenham  College.  New  Edition,  revised.  Crown  8vo.  4s.  6d, 
Candler. — HELP  TO  ARITHMETIC.  Designed  for  the  use  of 
Schools.  By  FI.  Candi.er,  M.A.,  Mathematical  Master  off 
Uppingham  School.  Extra  fcap.  8vo.  2s.  6d. 

Dalton. — RULES  AND  EXAMPLES  IN  ARITHMETIC.  By 
the  Rev.  F’.  Dalton,  M.A.,  Assistant-Master  of  Eton  College. 
New  Edition.  i8mo.  2s.  6d. 

[Answers  to  the  Examples  are  appended. 

Lock ARITHMETIC  FOR  SCHOOLS.  By  Rev.  J.  B.  Lock, 

M.A.,  Fellow  and  Lecturer  of  Caius  College,  Cambridge,  late 
Assistant-Master  at  Eton.  Globe  8vo.  [In  preparation. 
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f Pedley. — EXERCISES  IN  arithmetic  for  the  Use  of 

Schools.  ContaininiT  more  than  7,000  original  Examples.  By 
S.  Pedley,  late  of  Tamworth  Grammar  School.  Crown  8vo.  5^. 
Also  in  two  parts  2s.  6d.  each. 

Smith  — Works  by  the  Rev.  Barnard  Smith,  M.A.,  late  Rector 
of  Glaston,  Rutland,  and  Fellow  and  Senior  Bursar  of  S.  Peter’s 
College,  Cambridge. 

arithmetic  and  algebra,  in  their  Principles  and  Appli- 
cation ; with  numerous  systematically  arranged  Examples  taken 
from  the  Cambridge  Examination  Papers,  with  especial  reference 
■i  to  the  Ordinary  Examination  for  the  B.A.  Degree.  New  Edition, 

(I  carefully  Revised.  Crown  8vo.  lor.  6d. 

1^  ARITHMETIC  FOR  SCHOOLS.  New  Edition.  Crown  8vo- 

4^.  6d. 

A KEY  TO  THE  ARITHMETIC  FOR  SCHOOLS.  Ne 
Edition.  Crown  8vo.  8s.  6d. 

EXERCISES  IN  ARITHMETIC.  Crown  8vo,  limp  cloth,  2^. 
With  Answers,  2s.  6d. 

I Answers  separately,  6d. 

I SCHOOL  CLASS-BOOK  OF  ARITHMETIC.  i8mo,  cloth.  3^ 

■ Or  sold  separately,  in  Three  Parts,  u.  each. 

KEYS  TO  SCHOOL  CLASS-BOOK  OF  ARITHMETIC. 

Parts  I.,  II.,  and  III.,  2s.  6d.  each. 

SHILLING  BOOK  OF  ARITHMETIC  FOR  NATIONAL 
AND  ELEMENTARY  SCHOOLS.  i8mo,  clotli.  Or  sepa- 
: rately.  Part  I.  2d.  ; Part  II.  34/.  ; Part  HI.  yd.  Answers,  6d. 

THE  SAME,  with  Answers  complete.  i8mo,  cloth,  ir.  6d. 

KEY  TO  SHILLING  BOOK  OF  ARITHMETIC.  i8mo.  6d. 
EXAMINATION  PAPERS  IN  ARITHMETIC.  i8mo.  is.  6d. 

The  same,  with  Answers,  i8mo,  2s.  Answers,  6d. 

KEY  TO  EXAMINATION  PAPERS  IN  ARITHMETIC. 
1 8mo . 4-f . 6d. 

THE  METRIC  SYSTEM  OF  ARITHMETIC,  ITS  PRIN- 
CIPLES AND  APPLICATIONS,  with  numerous  Examples, 
written  expressly  for  Standard  V.  in  National  Schools.  New 
Edition.  i8mo,  cloth,  sewed.  3^/. 

A CHART  OF  THE  METRIC  SYSTEM,  on  a Sheet,  size  42  in. 
by_  34  in.  on  Roller,  mounted  and  vaimished.  New  Edition. 
Price  3j.  6d. 

Also  a Small  Chart  on  a Card,  price  id. 

EASY  LESSONS  IN  ARITHMETIC,  combining  Exercises  in 
Reading,  Writing,  Spelling,  and  Dictation.  Part  I.  for  Standard 
I.  in  National  Schools.  Crown  8vo.  gd. 
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Works  by  the  Rev.  Barnard  Smith,  M A (contitiueih 

EXAMINATION  CARDS  IN  ARITHMETIC.  '(Dedicated  to 
Lord  Sandon.)  With  Answers  and  Hints. 

Standards  I.  and  II  in  box,  \s.  Standards  III.,  IV.,  and  V..  im 
boxes,  ij.  each.  Standard  VI.  in  Two  Parts,  in  boxes,  is.  each. 

A and  B papers,  of  nearly  the  same  difficulty,  are  given  so  as  tOf 
prevent  copying  and  the  colours  of  the  A and  B^  papers  differ  in  eachh 
Standard,  and  from  those  of  every  other  Standard,  so  that  a master,- 
or  mistress  can  see  at  a glance  whether  the  children  have  the  proner- 
papers.  ^ 

ALGEBRA. 

^^l^°^-~^ULES  AND  EXAMPLES  IN  ALGEBRA.  By  thee 
Rev.  T.  Dalton,  M.A.,  Assistant-Master  of  Eton  College. 
Parti.  New  Edition.  i8mo.  2r.  Part  II.  i8mo.  2s.  6d 

Jones  and  Cheyne. — algebraical  EXERCISES  Pro- 
gressively Arranged.  By  the  Rev.  C.  A.  Jones,  M.A.,  and  C. 
H.  Cheyne,  M.A.,  F. R.A.S.,  Mathematical  Masters  of  West- 
minster School.  New  Edition.  i8mo.  2s.  (sd. 

Hall  and  Knight.— elementary  ALGEBRA  FOR 

SCHOOLS.  By  H.  S.  Hall,  M A.,  Assistant-Master  in  Cliftom 
College,  and  S.  R.  Knight,  B.A.,  late  Assistant-Master  at; 
Marlborough.  Globe  8vo.  {Immediately.. 

HIGHER  ALGEBRA  FOR  SCPIOOLS.  By  the  same  Authors. . 
Globe  8vo.  preparation, . 

Sniith.  ARITHMETIC  AND  ALGEBRA,  in  their  Principles* 
and  Application  ; with  numerous  systematically  arranged  Examples* 
taken  from  the  Cambridge  Examination  Papers,  with  especiaL 
reference  to  the  Ordinary  Examination  for  the  B.A.  Degree.  By. 
the  Rev.  Barnard  Smith,  M.  A.,  late  Rector  of  Glaston,  Rutland, , 
and  Fellow  aud  Senior  Bursar  of  St.  Peter’s  College,  Cambridge. . 
New  Edition,  carefully  Revised.  Crown  8vo.  lor.  6rf. 
Todhunter. — Works  by  I.  Todhunter,  M.A.,  F.R.S.,  D.Sc., , 
late  of  St.  John’s  College,  Cambridge. 

“ Mr.  Todhunter  is  chiefly  known  to  Students  of  Mathematics  as  the  author  of  a i 
series  of  admirable  mathematical  text-books,  which  possess  the  rare  qualities  of  being ; 
clear  in  style  and  absolutely  free  from  mistakes,  typographical  or  other." — Saturday  ' 
Review. 

ALGEBRA  FOR  BEGINNERS.  With  numerous  Examples. 
New  Edition.  i8mo.  2s.  6d. 

KEY  TO  ALGEBRA  FOR  BEGINNERS.  Crown  8vo.  6s.  6d. 
ALGEBRA.  For  the  Use  of  Colleges  and  Schools.  New  Edition. 
Crown  8vo.  7s.  6d. 

KEY  TO  ALGEBRA  FOR  THE  USE  OF  COLLEGES  AND 
SCHOOLS.  Crown  8vo.  lor.  6d. 
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EUCLID  & ELEMENTARY  GEOMETRY. 
Constable. — geometrical  EXERCISES  FOR  BE- 
GINNERS. By  Samuel  Constable.  Crown  8vo.  3r.  (yd. 

Cuthbertson. — EUCLIDIAN  GEOMETRY.  By  Francis 
CuTHBERTSON,  M.A.,  LL.D.,  Head  Mathematical  Master  of  the 
City  of  London  School.  Extra  fcap.  8vo.  4^.  6d. 

Dodgson.  EUCLID.  BOOKS  I.  AND  II.  Edited  by  Charles 
L.  Dodgson,  M.A.,  Student  and  late  Mathematical  Lecturer  of 
Christ  Church,  Oxford.  Fourth  Edition,  with  words  substituted 
for  the  Algebraical  Symbols  used  in  the  First  Edition.  Crown 
8vo.  2J-. 


***  The  text  of  this  £dition  has  been  ascertained,  by  counting  the  words,  to  be 
less  than  five-sevenths  of  that  contained  in  the  ordinary  editions. 

Kitchener.— A GEOMETRICAL  NOTE-BOOK,  containing 
Easy  Problems  in  Geometrical  Drawing  preparatory  to  the  Study 
of  Geometry.  For  the  Use  of  Schools.  By  F.  E.  Kitchener, 
M.A.,  Head-Master  of  the  Grammar  School,  Newcastle,  Stafford- 
shire. New  Edition.  4to.  2J. 

Mault.  NATURAL  GEOMIETRY  : an  Introduction  to  the 
Logical  Study  of  Mathematics.  For  Schools  and  Technical 
Classes.  With  Explanatory  Models,  based  upon  the  Tachy- 
metrical  works  of  Ed.  Lagout.  By  A.  Mault.  i8mo.  is. 
Models  to  Illustrate  the  above,  in  Box,  12s.  (yd. 

Smith.  — an  elementary  treatise  on  solid 

GEOMETRY.  By  Charles  Smith,  M.A.,  Fellow  and  Tutor 
of  Sidney  Sussex  College,  Cambridge.  Crown  8vo.  gr.  (>d. 
Syllabus  of  Plane  Geometry  (corresponding  to  Euclid, 
Books  I.— VI.).  Prepared  by  the  Association  for  the  Improve- 
ment of  Geometrical  Teaching.  New  Edition.  Crown  8vo.  ir. 
Todhunter. — THE  ELEMENTS  OF  EUCLID.  For  the  Use 
of  Collegesand  Schools.  By  I.  Todhunter,  M.A.,  F.R.S.,  D.Sc., 
of  St.  John’s  College,  Cambridge.  New  Edition.  i8mo.  2s.  (yd. 
KEY  TO  EXERCISES  IN  EUCLID.  Crown  8vo.  (ys.  (yd 

Wilson  (J.  M.).— elementary  geometry,  books 

I. — V.  Containing  the  Subjects  of  Euclid’s  first  Six  Books.  Fol 
lowing  the  Syllabus  of  the  Geometrical  Association.  By  the  Rev. 

J.  M.  Wilson,  M.A.,  Head  Master  of  Clifton  College.  New 
Edition.  Extra  fcap.  8vo.  4J.  (yd. 
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MENSURATION. 

Todhunter. — MENSURATION  P’OR  BEGINNERS  By  I 
Todhunter,  M.A.,  F.R.S.,  D.Sc.,  late  of  St.  John’s  College,' 
Cambridge.  With  Examples.  New  Edition.  i8mo.  25.  6d. 

***  io  this  work  is  now  in  the  press. 
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HIGHER  MATHEMATICS. 


Astronomer- 


ELEMENTARY  TREATISE  ON  PARTIAL  DIFFERENTIAI 

Use  of  Students  in  the  Univir 
sities.  With  Diagi-ams.  Second  Edition.  Crown  8vo.  5^.  (>d. 

ON  THE  ALGEBRAICAL  AND  NUMERICAL  THEORY 
OF  ERRORS  OF  OBSERVATIONS  AND  THE  COMBI- 
NATION OF  OBSERVATIONS.  Second  Edition,  reSi 
Crown  avo.  6j.  oa. 


Alexander  (T.). — ELEMENTARY  APPLIED  MECHANICS! 
Being  the  simpler  and  more  practical  Cases  of  Stress  and  Strairr 
wrought  out  individually  from  first  principles  by  means  of  Elemen-' 
tary  Mathematics.  By  T.  Alexander,  C.E.,  Profe.ssor  of  Civi  - 
Engineering  in  the  Imperial  College  of  Engineerintr.  Tokei 
Japan.  Crown  8vo.  Part  I.  4s. 


Alexander  and  Thomson. — elementary  APPLIEU 
MECHANICS.  By  Thomas  Alexander,  C.E.,  Professor  ot 
Engineering  in  the  Imperial  College  of  Engineering,  Tokei,  Japan  ■ 
and  Arthur  Watson  Thomson,  C.E.,  B.Sc.,  Professor  of 
Engineering  at  the  Royal  College,  Cirencester.  Part  II.  Trans- 
verse Stress.  Crown  8vo.  lor.  6d. 

Bay ma — the  elements  OF  MOLECULAR  MECHANICS  ^ 
By  Joseph  Bayma,  S.J.,  Professor  of  Philosophy,  Stonyhurst-' 
College.  Demy  8vo.  10s.  6d. 


Beasley. — an  ELEMENTARY  TREATISE  ON  PLANE 
TRIGONOMETRY.  With  Examples.  By  R.  D.  Beasley,' 
M.A.  Eighth  Edition,  revised  and  enlarged.  Crown  8vo.  3^.  6d.- 

Blackburn  (Hugh). — ELEMENTS  OF  PLANE  TRIGO- 
NOMETRY, for  the  use  of  the  Junior  Class  in  Mathematics  in 
the  University  of  Glasgow.  By  Hugh  Blackburn,  M.A.,  late( 
Professor  of  Mathematics  in  the  University  of  Glasgow.  Globe. 
8vo.  ij.  6d. 

Boole. — Works  by  G.  Boole,  D.C.L.,  F.R.S.,  late  Professor  oil 
Mathematics  in  the  Queen’s  University,  Ireland. 

A TREATISE  ON  DIFFERENTIAL  EQUATIONS.  Sup- 
plementary Volume.  Edited  by  I.  Todhunter.  Crown  8vo. 
Ss.  6d. 

THE  CALCULUS  OF  FINITE  DIFP'ERENCES.  Third! 
Edition,  revised  by  J.  F.  Moulton.  Crown  8vo.  los,  6d. 
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Cambridge  Senate-House  Problems  and  Riders, 
with  Solutions ; — 

1^75 — PROBLEMS  AND  RIDERS.  By  A.  G.  Greenhill, 
M.A.  Crown  8vo.  8j.  6d. 

1878— SOLUTIONS  OF  SENATE-HOUSE  PROBLEMS.  By 
the  Mathematical  Moderators  and  Examiners.  Edited  by  J.  W.  L. 
Glaisher,  M.A.,  Fellow  of  Trinity  College,  Cambridge.  I2j. 

Cheyne. — an  ELEMENTARY  TREATISE  ON  THE  PLAN- 
ETARY THEORY.  By  C.  H.  H.  Cheyne,  M.A.,  F.R.A.S. 
With  a Collection  of  Problems.  Third  Edition.  Edited  by  Rev. 
A.  Freeman,  M.A.,  F.R.A.S.  Crown  8vo.  ^s.  6d. 

Christie. — a COLLECTION  OF  ELEMENTARY  TEST- 
QUESTIONS  IN  PURE  AND  MIXED  MATHEMATICS ; 
with  Answers  and  Appendices  on  Synthetic  Division,  and  on  the 
Solution  of  Numerical  Equations  by  Homer’s  Method.  By  James 
R.  Christie,  F.R.S.,  Royal  Military  Academy,  Woolwich. 
Crown  8vo.  8r.  6d. 

Clausius. — MECHANICAL  THEORY  OF  HEAT.  By  R. 
Clausius.  Translated  by  Walter  R.  Browne,  M.A.,  late 
Fellow  of  Trinity  College,  Cambridge.  Crown  8vo.  iol  6d, 

Clifford.— THE  ELEMENTS  OF  DYNAMIC.  An  Introduction 
to  the  Study  of  Motion  and  Rest  in  Solid  and  Fluid  Bodies.  By  W. 
K.  Clifford,  F.R.S.,  late  Professor  of  Applied  Mathematics  and 
Mechanics  at  University  College,  London.  Part  I. — KINEMATIC. 
Crown  8vo.  'js.  6d. 

Cottorill.  APPLIED  MECHANICS  : an  Elementary  General 
Introduction  to  the  Theory  of  Stmctures  and  Machines.  By 
James  H.  Cotterill,  F.R.  S.,  Associate  Member  of  the  Council 
of  the  Institution  of  Naval  Architects,  Associate  Member  of  the 
Institution  of  Civil  Engineers,  Professor  of  Applied  Mechanics  in 
the  Royal  Naval  College,  Greenwich.  Medium  8vo.  i8l 

Day  (R.  E.)  —ELECTRIC  LIGHT  ARITHMETIC.  By  R.  E. 
Day,  M.A.,  Evening  Lecturer  in  Experimental  Physics  at  King’s 
College,  London.  Pott  8vo.  zs. 

Drew.— GEOMETRICAL  TREATISE  ON  CONIC  SECTIONS. 
By  W.  H.  Drew,  M.A.,  St.  John’s  College,  Cambridge.  New 
Edition,  enlarged.  Crown  8vo.  ^s. 

Dyer. — EXERCISES  IN  ANALYTICAL  GEOMETRY.  Com- 
piled  and  arranged  by  J.  M.  Dyer,  M.A.,  Senior  Mathematical 
Master  in  the  Classical  Department  of  Cheltenham  College.  With 
Illustrations.  Crown  8vo.  4J.  6d, 
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CURVES.  By  T.  H Eagles,  of  the  Royal  Indian  Engineerinr 
College,  Coopers  Hill.  With  Illustrations,  Crown  8vc 

^ [A?  the  pres. 

Edgar  (J.  H.)  and  Pritchard  (G.  S.), — NOTE-BOOK  oi' 
PRACTICAL  SOLID  OR  DESCRIPTIVE  GEOMETRY,' 
Containing  Problems  with  help  for  Solutions.  By  J.  H.  Edgai 
M.A.,  Lecturer  on  Mechanical  Drawing  at  the  Royal  School  < 
Mines,  and  G.  S.  Pritchard.  Fourth  Edition,  revised  b. 
Arthur  Meeze.  Globe  8vo.  4s.  6d. 

Ferrers.  Works  by  the  Rev.  N.  M.  Ferrers,  M.A.,  Fellow  ann 
Master  of  Gonville  and  Caius  College,  Cambridge. 

AN  ELEMENTARY  TREATISE  ON  TRILINEAR  CC 
ORDINATES,  the  Method  of  Reciprocal  Polars,  and  the  Theor 
of  Projectors.  New  Edition,  revised.  Crown  8vo.  6s  6d 
AN  ELEMENTARY  TREATISE  ON  SPHERICAL  HARj 
MONICS,  AND  SUBJECTS  CONNECTED  WITH  THEM 
Crown  8vo.  ']s.  6d. 


Forsyth, — a TREATISE  ON'  DIFFERENTIAL  EQUAl 
TIONS.  By  A.  R.  Forsyth,  M.A.,  Fellow  of  Trinity  College^ 
Cambridge.  8vo.  [/„  the  press: 

Frost. — Works  by  Percival  Erost,  M.A.,  D.Sc.,  formerly  Fellov 
of  St.  John’s  College,  Cambridge  ; Mathematical  Lecturer  ai 
King's  College. 

AN  ELEMENTARY  TREATISE  ON  CURVE  TRACING. 
Percival  Frost,  M.A.  8vo.  12s. 

SOLID  GEOMETRY.  A New  Edition,  revised  and  enlarged,  ci 
the  Treatise  by  Frost  and  Wolstenholme.  In  2 Vols.  VoL  L 
8vo,  i6s. 


Greaves. — a treatise  on  elementary  statics,  b 

John  Greaves,  M.A.,  Fellow  of  Christ’s  College,  Cambridge, 
Crown  8vo.  [/«  the  press: 

Greenhill.— practical  TREATISE  ON  the  DIFFER'n 
ENTIAL  and  integral  calculus.  By  A.  G: 

Greenhill,  M.A.,  Lecturer  at  the  Royal  Artillery  Institute; 
Woolwich;  formerly  Fellow  of  Emmanuel  College,  Cambridge. 
Crown  8vo.  [/«  the  press 

Hemming. — an  ELEMENTARY  TREATISE  ON  THL 
DIFFERENTIAL  AND  INTEGRAL  CALCULUS,  for  th.  ” 
Use  of  Colleges  and  Schools.  By  G.  W.  Hemming,  M.A. 
Fellow  of  St.  John’s  College,  Cambridge.  Second  Edition,  witl; 
Corrections  and  Additions.  8vo.  gr. 
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Ibbetson, — the  MATHEMATICAL  THEORY  OF  PER- 
^L-^STIC  SOLIDS,  with  a short  account  of  Viscous 
Fluids.  An  Elementary  Treatise.  By  Wxi.liam  John  Ibbetson, 
B.A.,  F.R.A.S.,  Senior  Scholar  of  Clare  College,  Cambridge, 

\In  the  ;press, 

Jellet  (John  H,). — a TREATISE  ON  THE  THEORY  OF 
FRICTION  By  John  H.  Jellet,  B.D.,  Provost  of  Trinity 
College,  Dublin ; President  of  the  Royal  Irish  Academy,  8vo. 

Johnson. — INTEGRAL  CALCULUS,  an  Elementary  Treatise 
on  the  ; Founded  on  the  Method  of  Rates  or  Fluxions.  By 
William  Woolsey  Johnson,  Professor  of  Mathematics  at  the 
United  States  Naval  Academy,  Annopolis,  Maryland.  Demy 
8vo.  8r. 

Kelland  and  Tait. — INTRODUCTION  TO  QUATER- 
NIONS, with  numerous  examples.  By  P.  Kelland,  M.A., 
F.R.S.,  and  P.  G.  Tait,  M.A.,  Professors  in  the  Department  of 
Mathematics  in  the  University  of  Edinburgh.  Second  Edition. 
Crown  8vo.  yr.  (id. 

Kempe.— HOW  to  draw  a straight  line  : a Lecture 

on  Linkages.  By  A.  B.  Kempe.  With  Illustrations.  Crown  8vo. 
ir.  (id.  {Nature  Series.) 

Knox — DIFFERENTIAL  CALCULUS  FOR  BEGINNERS. 
By  Alexander  Knox.  Fcap.  8vo.  3^.  (id. 

Lock. — ELEMENTARY  TRIGONOMETRY.  By  Rev.  J.  B. 
Lock,  M.A.,  Senior  Fellow,  Assistant  Tutor  and  Lecturer  in 
Mathematics,  of  Gonville  and  Caius  College,  Cambridge;  late 
Assistant-Master  at  Eton.  Globe  8vo.  4s,  6d. 

HIGHER  TRIGONOMETRY.  By  the  same  Author.  Globe  8vo. 
4T.  6d. 

Both  Parts  complete  in  One  Volume.  Globe  8vo.  yr.  6d. 

Lupton. — ELEMENTARY  CHEMICAL  ARITHMETIC.  With 
1,100  Problems.  By  Sydney  Lupton,  M.A.,  Assistant-Master 
in  Harrow  School.  Globe  8vo.  Sr. 

Macfarlane.— physical  ARITHMETIC.  By  Alexander 
Macfarlane,  M.A.,  D.Sc.,  F.R.S.E.,  Examiner  in  Mathematics 
to  the  University  of  Edinburgh.  Crown  8vo.  yr.  6d. 

Merriman. — ELEMENTS  OF  THE  METHOD  OF  LEAST 
SQUARE.  By  Mansfield  Merriman,  Ph.D.,  Professor  of 
Civil  and  Mechanical  Engineering,  Lehigh  University,  Bethlehem, 
Penn.  Crown  8vo.  'js.  6d. 
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Millar. — ELEMENTS  OF  DESCRIPTIVE  GEOMETRY.  B: 
J.  B.  Millar,  C.E.,  Assistant  Lecturer  in  Engineering  in  Owen 
College,  Manchester.  Crown  8vo.  6s. 

Milne.— WEEKLY  PROBLEM  PAPERS.  With  Notes  intende. 
for  the  use  of  students  preparing  for  Mathematical  Scholarships 
and  for  the  Junior  Members  of  the  Universities  who  are  reading 
for  Mathematical  Honours.  By  the  Rev.  John  J.  Milne,  M.A. 
Second  Master  of  Heversham  Grammar  School,  Member  of  th 
London  Mathematical  Society,  Member  of  the  Association  for  thi 
Improvement  of  Geometrical  Teaching.  Pott  8vo.  41.  6a'. 

Morgan.— A COLLECTION  OF  PROBLEMS  AND  EX\ 
AMPLES  IN  MATHEMATICS.  With  Answers.  By  H.  A' 
Morgan,  M.  A.,  Sadlerian  and  Mathematical  Lecturer  of  Jesui 
College,  Cambridge  Crown  8vo.  6s.  6d. 

Muir. — A TREATISE  ON  THE  THEORY  OF  DETERMI 
NANTS.  With  graduated  sets  of  Examples.  For  use  ii 
Colleges  and  Schools.  By  Thos.  Muir,  M.A.,  F.R.S.Ei 
Mathematical  Master  in  the  High  School  of  Glasgow.  Crow» 
8vo.  7j.  6d. 

Parkinson.— AN  ELEMENTARY  TREATISE  ON  ME 
CHANICS.  For  the  Use  of  the  Junior  Classes  at  the  Universit 
and  the  Higher  Classes  in  Schools.  By  S.  Parkinson,  D.Di 
F.R. S.,  Tutor  and  Prsleotor  of  St.  John’s  College,  Cambridge; 
With  a Collection  of  Examples.  Sixth  Edition,  revised.  Crow> 
8vo.  9L  6d, 

Phear. — ELEMENTARY  HYDROSTATICS.  With  Numerov. 
Examples.  By  J.  B.  Phear,  M.A.,  Fellow  and  late  Assistan 
Tutor  of  Clare  College,  Cambridge.  New  Edition.  Crown  8vi 
5^  6d. 

Pirie. — LESSONS  ON  RIGID  DYNAMICS.  By  the  Rev.  (. 
PiRiE,  M.A.,  late  Fellow  and  Tutor  of  Queen’s  College,  Can 
bridge;  Professor  of  Mathematics  in  the  University  of  Aberdeei 
Crown  8vo.  6s. 
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Puckle. — AN  ELEMENTARY  TREATISE  ON  CONIC  SEC', 
TIONS  AND  ALGEBRAIC  GEOMETRY.  With  Numerov 
Examples  and  Hints  for  their  Solution  ; especially  designed  for  tl 
Use  of  Beginners.  By  G.  H.  Puckle,  M.A.  Fifth  Editioi 
revised  and  enlarged.  Crown  8vo.  Js.  6d. 
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Rawlinson. — ELEMENTARY  STATICS.  By  the  Rev.  Georg  : 
Rawlinson,  M.  a.  Edited  by  the  Rev.  Edward  Sturges,  M./  1 
Crown  8vo.  4s.  6d, 
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Reynolds,  M.A.,  Mathematical 
Master  in  Clifton  College.  Crown  8vo.  3^.  6d. 

Reuleaux.-^HE  kinematics  of  MACFIINERY.  Out- 

Tr!Ll  Professor  F.  Reuleaux. 

wft^  ^7^  Professor  A.  B.  W.  Kennedy,  C.E. 

With  450  IIlustration.s.  Medium  8vo.  2ir. 

Rice  and  Johnson — DIFFERENTIAL  CALCULUS,  an 
E enientary  Treatise  on  the  ; Founded  on  the  Method  of  Rates  or 

Rice,  Professor  of  Mathematics  in 
the  United  States  Navy,  and  William  Woolsey  Johnson  Pro- 

-hiH  at  the  United  States  Naval  Academy. 

Ik  ^ Revised  and  Corrected.  Demy  8vo.  16s 

Abridged  Edition,  8r.  ^ 

Robinson.— TREATISE  ON  marine  SURVEYING.  Pre- 
pared for  the  use  of  younger  Naval  Officers.  With  Questions  for 
Examinations  ^d  Exercises  principally  from  the  Papers  of  the 
Royal  Navd  College.  With  the  results.  By  Rev.  John  L 
Robinson,  Chaplain  and  Instructor  in  the  Royal  Naval  College 
^ Greenwich.  With  Illustrations.  Crown  8vo.  7r.  6^  ^ 

3M«hoS‘'ofP?oftingalu“  ^stanles 

Works  by  Edward  John  Routh,  D.Sc.,  LL.D 

PefeAcolkgeT  Srffi™'*''' 

^RIGm'^BOD?F^  the  dynamics  OF  THE  SYSTEM  OF 
1 ^ j With  numerous  Examples.  Fourth  and 

i'rTh?A°7°'’-  7p™-  ™-  I--El.me„,aryV,£ 

motion  pak 

“OTION.  A°L?°P™''E4^« 

Snowball.— the  elements  of  plane  and  sphfpt 
CAL  TRIGONOMETRY;  with  the  Crn^tfucin  and  ^ 

Crown  8vo^°®7f  S'"  ^-A.  New  Edition. 
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Tait  and  Steele. — a treatise  on  dynamics  of  a\ 

PARTICLE.  With  numerous  Examples.  By  Professor  Taiij 
and  Mr.  Steele.  Fourth  Edition,  revised.  Crown  8vo.  12s. 

Thomson. — a TREATISE  ON  THE  MOTION  OF  VORTEX\ 
RINGS.  An  Essay  to  which  the  Adams  Prize  was  adjudged  ir 
1882  in  the  University  of  Cambridge.  By  J.  J.  Thomson,  Fellov.i 
of  Trinity  College,  Cambridge,  and  Professor  of  Experimenta.'. 
Physics  in  the  University.  With  Diagrams.  8vo.  6s. 


Todhunter. — Works  by  I.  Todhunter,  M.A.,  F.R.S.,  D.Sc. 
late  of  St.  John’s  College,  Cambridge. 


“ Mr.  Todhunter  Is  chiefly  known  to  students  of  Mathematics  as  the  author  of  : 
series  of  admirable  mathematical  text-books,  which  possess  the  rare  qualities  of  beinp 
clear  in  style  and  absolutely  free  from  mistakes,  typographical  and  other.”— 
Saturday  Review.  ' o 

TRIGONOMETRY  FOR  BEGINNERS.  With  numerouu 
Examples.  New  Edition.  i8mo.  2s.  6d. 

KEY  TO  TRIGONOMETRY  FOR  BEGINNERS.  Crown  8voo 
8r.  6d. 

MECHANICS  FOR  BEGINNERS.  With  numerous  Examples? 
New  Edition.  i8mo.  4s.  6d. 


KEY  TO  MECHANICS  FOR  BEGINNERS.  Crown  8voo 
6s.  6d. 

AN  ELEMENTARY  TREATISE  ON  THE  THEORY  Oil 
EQUATIONS.  New  Edition,  revised.  Crown  8vo.  js.  6d. 

PLANE  TRIGONOMETRY.  For  Schools  and  Colleges.  Nevi 
Edition.  Crown  8vo.  5j. 

KEY  TO  PLANE  TRIGONOMETRY.  Crown  8vo.  10s.  6d.i. 

A TREATISE  ON  SPHERICAL  TRIGONOMETRY.  Ne- 
Edition,  enlarged.  Crown  8vo.  4s.  6d. 

PLANE  CO-ORDINATE  GEOMETRY,  as  applied  to  the  Straigb: 
Line  and  the  Coiilc  Sections.  With  numerous  Examples.  Nev 
Edition,  revised  and  enlarged.  Crown  8vo.  ys.  6d. 


P 

V 

V 
\ 


A TREATISE  ON  THE  DIFFERENTIAL  CALCULUS.  Wit^ 
numerous  Examples.  New  Edition.  Crown  8vo.  loj.  6d. 


A TREATISE  ON  THE  INTEGRAL  CALCULUS  AND  ITf 
APPLICATIONS.  With  numerous  Examples.  New  Edition: 
revised  and  enlarged.  Crown  8vo.  lor.  6d. 

EXAMPLES  OF  ANALYTICAL  GEOMETRY  OF  THRE: 
DIMENSIONS.  New  Edition,  revised.  Crown  8vo.  4s. 

A TREATISE  ON  ANALYTICAL  STATICS.  With  numeroi. 
Examples.  New  Edition,  revised  and  enlarged.  Crown  8vc 
los.  6d. 
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Todhunter. — Works  by  I.  Todhtjnter,  M.A.,  &c.  (continued) — 
A HISTORY  OF  THE  MATHEMATICAL  THEORY  OF 
PROBABILITY,  from  the  time  of  Pascal  to  that  of  Laplace. 

8 VO.  i8j. 

RESEARCHES  IN  THE  CALCULUS  OF  VARIATIONS, 
principally  on  the  Theory  of  Discontinuous  Solutions : an  Essay  to 
which  the  Adams’ 'Prize  was  awarded  in  the  University  of  Cam- 
bridge in  1871.  8vo.  6j. 

A HISTORY  OF  THE  MATHEMATICAL  THEORIES  OF 
ATTRACTION,  AND  THE  FIGURE  OF  THE  EARTH, 
from  the  time  of  Newton  to  that  of  Laplace.  2 vols.  8vo.  24^. 
AN  ELEMENTARY  TREATISE  ON  LAPLACE’S,  LAME’S 
AND  BESSEL’S  FUNCTIONS.  Crown  8vo.  10s.  6d. 


Wilson  (J.  M.).— SOLID  GEOMETRY  AND  CONIC  SEC- 
TIONS. With  Appendices  on  Transversals  and  Harmonic  Division. 
For  the  Use  of  Schools.  By  Rev.  J.  M.  Wilson,  M.A.  Head 
Master  of  Clifton  College.  New  Edition.  Extra  fcap.  8vo.  si'.  6d. 

Wilson. — GRADUATED  EXERCISES  IN  PLANE  TRI- 
GONOMETRY. Compiled  and  arranged  by  J.  Wilson,  M.A 
and  S.  R.  Wilson,  B.A.  Crown  8vo.  4^.  6d. 


The  exercises  seem  beautifully  graduated  and  adanted  to  lead  a student  on  most 
gently  and  pleasantly."— E.  J.  Routh,  F.R.S.,  St.  Peter’s  College,  Cambridge. 

(See  also  Elementary  Geometry.) 

Wilson  (W.  P.). — A TREATISE  ON  DYNAMICS.  By  W. 
P.  Wilson,  M.A. , Fellow  of  St.  John’s  College,  Cambridge,  and 
Profe.ssor  of  Mathematics  in  Queen’s  College,  Belfast.  8vo. 
pj.  oa. 


Mathematical  Papers,  for  Admission  into 
thQ  Royal  Military  Academy,  Woolwich,  1880 — 1884  inclusive. 
Crown  8vo.  3J*.  6d. 


Wolstenholme. — MATHEMATICAL  PROBLEMS,  on  Sub- 
jects included  in  the  First  and  Second  Divi.sions  of  the  Schedule  of 
^bjects  for  the  Cambridge  Mathematical  Tripos  Examination. 
Devised  and  arranged  by  Joseph  Wolstenholme,  D.Sc.,  late 
Fellow  of  Christ’s  College,  sometime  Fellow  of  St.  John’s  College 
and  Professor  of  Mathematics  in  the  Royal  Indian  Engineer^g 
College,  New  Edition,  gi-eatly  enlarged.  8vo.  i8r. 

practice  IN  THE  USE  OF  SEVEN- 
FIGURE  LOGARITHMS.  By  the  same  Author.  [In preparation. 
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SCIENCE. 

(i)  Natural  Philosophy,  (2)  Astronomy,  (3). 
Chemistry,  (4)  Biology,  (5)  Medicine,  (6)  Anthro-- 
pology,  (7)  Physical  Geography  and  Geology,  (8) 
Agriculture,  (9)  Political  Economy,  (10)  Mental  I C 
and  Moral  Philosophy. 


NATURAL  PHILOSOPHY. 

Airy.  Works  by  Sir  G.  B.  Airy,  K.C.B.,  formerly  Astronomer-- 
Royal  : — 

UNDULATORY  THEORY  OF  OPTICS.  DesigiiedfortheU.se; 

of  Students  in  the  University.  New  Edition.  Crown  8vo.  6s.  6d 
ON  SOUND  AND  ATMOSPHERIC  VIBRATIONS.  With, 
the  Mathematical  Elements  of  Music.  Designed  for  the  Use  of: 
Students  in  the  University.  Second  Edition,  revised  and  enlarged. . 
Crown  Svo.  9^. 

A TREATISE  ON  MAGNETISM.  Designed  for  the  Use  off 
Students  in  the  University.  Crown  8vc.  Qr.  6d. 

GRAVITATION:  an  Elementary  Explanation  of  the  Principal  I 
Perturbations  in  the  Solar  System.  Second  Edition.  Crown  8vo.  - 
']s.  6d. 

Airy  (Osmond). — a TREATISE  ON  GEOMETRICAL. 
OPTICS.  Adapted  for  the  Use  of  the  Pligher  Classes  in  Schools.. 
By  Osmund  Airy,  B.A.,  one  of  the  Mathematical  Masters  im 
Wellington  College.  Extra  fcap.  8vo.  3r.  6d. 

Alexander  (T.). — ELEMENTARY  APPLIED  MECHANICS.. 
Being  the  simpler  and  more  practical  Cases  of  Stress  and  Strain', 
wrought  out  individually  from  first  principles  by  means  of  Ele-- 
mentary  Mathematics.  By  T.  Alexander,  C.E.,  Profes.sor  oft 
Civil  Engineering  in  the  Imperial  College  of  Engineering,  Tokei, . 
Japan.  Crown  8vo.  Part  I.  4s.  6d. 

Alexander  — Thomson.  — ELEMENTARY  APPLIED' 
MECHANICS.  By  Thomas  Alexander,  C.E.,  Professor  of: 
Engineering  in  the  Imperial  College  of  Engineering,  Tokei,  Japan ; : 
and  Arthur  Watson  Thomson,  C.E.,  B.Sc.,  Professor  off 
Engineering  at  the  Royal  College,  Cirencester.  Part  II.  Trans- - 
VERSE  Stress  ; upwards  of  150  Diagrams,  a'nd  200  E.xampless 
carefully  worked  out ; new  and  complete  method  for  finding,  af. 
every  point  of  a beam,  the  amount  of  the  greatest  bending: 
moment  and  shearing  force  during  the  transit  of  any  set  of  loads; 
fixed  relatively  to  one  another — e.£-.,  the  wheels  of  a locomotive ;; 
continuous  beams,  &c.,  &c.  Crown  8vo.  lor.  6d. 
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Ball  (R.  S.).— experimental  mechanics,  a Course  of 

Lectures  delivered  at  the  Royal  College  of  Science  for  Ireland. 
By  R.  S.  Ball,  M. A.,  Professor  of  Applied  Mathematics  and 
Mechanics  in  the  Royal  College  of  Science  for  Ireland.  Cheaper 
Issue.  Royal  8vo.  los.  6d. 

the  science  of  WEIGHING  AND 
ANmvmG^^^  STANDARDS  OF  MEASURE 

Wiif  % H.W.  Chisholm,  Warden  of  the  Standards. 

With  numerous  Illustrations.  Crown  8vo.  4.1.  6d.  {Nature  Series. ) 

Clausius.— mechanical  theory  of  HEAT.  By  R. 

Clausius.  Translated  by  Walter  R.  Browne,  M.A.,  late 
Fellow  of  Trinity  College,  Cambridge.  Crown  8vo.  loj.  bd. 

Cotterill  applied  MECPIANICS  : an  Elementary  General 
Introdu^ion  to  the  Theory  of  Structures  and  Machines.  By 

If  Associate  Member  of  the  Council 

of  the  Institution  of  Naval  Architects,  Associate  Member  of  the 
Instdution  of  Cml  Engineers,  Professor  of  Applied  Mechanics  in 
the  Royal  Naval  College,  Greenwich.  Medium  8vo.  iSj. 

Gumming,  an  introduction  to  the  theory  of 

ELECTRICITY.  By  Linnaeus  Cumming,  M.l!;  one  of  Sie 
Masters  of  Rugby  School.  With  Illustrations.  Crown  8vo 

OS,  oa, 

TEXT-BOOK  OF  THE  PRINCIPLES  OF 

li  M.A.,  D.Sc.,  Lecturer  on 

Physics  in  the  School  of  Medicine,  Edinburgh.  With  Illustrations 
Medium  8vo.  21s. 


Day.— electric  light  arithmetic. 


M.A., 

College, 


Evening  Lectu;er  in 
, London.  Pott  8vo. 


Experimental 

2S. 


By  R.  E.  Day, 
Phy.sici  at  King’s 


^""e^eIettTrI  Physical  constants.  By  j.  d. 

ELECTRICITY 

AND  MAGNETISM.  By  Andrew  Gray,  M A F R S F 
Pottiva  University  College  of  North  Wales! 
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Grove.— A dictionary  of  music  and  musicians.. 

By  Eminent  Writers,  English  and  Foreign.  Edited  by  Sir  George;, 
Grove,  D.C.L.,  Director  of  the  Royal  College  of  Music,  &c. 
Demy  8vo.  ; 

Vols.  I.,  II.,  and  III.  Price  21s.  each. 

Vol.  I.  A to  IMPROMPTU.  Vol.  II.  IMPROPERIA  to 
PLAIN  SONG.  Vol.  III.  PLANCHE  TO  SUMER  IS- 
ICUMEN  IN.  Demy  8vo.  cloth,  with  Illustrations  in  Music; 
Type  and  Woodcut.  Also  published  in  Parts.  Parts  I.  to  XIV.„ 
Parts  XIX.  and  XX.,  price  3r.  6i/.  each.  Parts  XV.,  XVI.,  price  7s.’ 
Parts  XVII.,  XVIII.,  price  p. 

"Dr.  Grove’s  Dictionary  will  be  a boon  to  every  intelligent  lover  of  .nusic.” — 
Saturday  Review. 

Huxley.— introductory  PRIMER  OF  SCIENCE.  By  T.' 
H.  Huxley,  P.R.S.,  Professor  of  Natural  History  in  the  Royai 
School  of  Mines,  &c.  i8mo.  ir. 

Ibbetson. — tpie  mathematical  theory  of  per; 

FECTLY  ELASTIC  SOLIDS,  with  a Short  Account  of  Viscoua 
Fluids.  An  Elementary  Treatise.  By  William  John  Ibbetson< 
B.  A.,  F.R.A.S.,  Senior  Scholar  of  Clare  College,  Cambridge.  8vo.i 

Kempe. — how  to  draw  a straight  line  ; a Lecture 

on  Linkages.  By  A.  B.  Kempe.  With  Illustrations.  Crown 
8vo.  I J.  6d.  (Nature  Series. ) 

Kennedy. — MECHANICS  OF  MACHINERY.  By  A.  B.  Wf 
Kennedy,  M.Inst.C.E.,  Professor  of  Engineering  and  MechanLi 
cal  Technology  in  University  College,  London.  With  Ulus; 
trations.  Crown  8vo.  [/«  tiie  press’ 

Lang. — EXPERIMENTAL  PHYSICS.  By  P.  R.  Scott  Lang.; 
M.  A.,  Professor  of  Mathematics  in  the  University  of  St.  Andrews; 
Crown  8vo.  [/«  preparatiom 

Lupton.— NUMERICAL  TABLES  AND  CONSTANTS  IN 
ELEMENTARY  SCIENCE.  By  Sydney  Lupton,  M.A.. 
F.C.S.,  F.I.C.,  Assistant  Master  at  Harrow  School.  Extra  fcap 
8vo.  2s.  6d. 

Macfarlane, — PHYSICAL  ARITHMETIC.  By  Alexandk 
Macfarlane,  D.Sc.,  Examiner  in  Mathematics  in  the  Universit; 
of  Edinburgh,  "js.  6d. 

Martineau  (Miss  C.  A.). — EASY  LESSONS  ON  HEAT 

By  Miss  C.  A.  Martineau.  Illustrated.  Extra  fcap.  8vo.  2j.  6ai 
Mayer. — SOUND  ; a Series  of  Simple,  Entertaining,  and  Inex; 
pensive  Experiments  in  the  Phenomena  of  Sound,  for  the  Use_  c 
Students  of  every  age.  By  A.  M.  Mayer,  Professor  of  Physic: 
in  the  Stevens  Institute  of  Technology,  &c.  With  numeroua 
Illustrations.  Crown  8vo.  2s,  6d.  (Nature  Series.) 
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Mayer  and  Barnard. — LIGHT;  a Series  of  Simple,  Enter- 
taining, and  Inexpensive  Experiments  in  tire  Phenomena  of  Light, 
for  the  Use  of  Students  of  every  age.  By  A.  M.  Mayer  and  C. 
Barnard.  With  numerous  Illustrations.  Crown  8vo.  2s.  6d. 
{Nature  Series. ) 

Newton. — PRINCIPIA.  Edited  by  Professor  Sir  W.  Thomson 
and  Professor  Blackburne.  4to,  cloth.  3IJ.  6d. 

THE  FIRST  THREE  SECTIONS  OF  NEWTON’S  PRIN- 
CIPIA.  With  Notes  and  Illustrations.  Also  a Collection  of 
Problems,  principally  intended  as  Examples  of  Newton’s  Methods. 
By  Percival  Frost,  M.A.  Third  Edition.  8vo.  12s. 

Parkinson. — a TREATISE  ON  OPTICS.  By  S.  Parkinson, 
D.D.,  F.R.S.,  Tutor  and  Prselector  of  St.  John’s  College,  Cam- 
bridge. Fourth  Edition,  revised  and  enlarged.  Crown  8vo.  10s.  6d. 

Perry.  — STEAM.  AN  ELEMENTARY  TREATISE.  By 
John  Perry,  C.E.,  Whitworth  Scholar,  Fellow  of  the  Chemical 
Society,  Pr  ifessor  of  Mechanical  Engineering  and  Applied  Mech- 
anics at  the  Technical  College,  Finsbury.  With  numerous  Wood- 
cuts  and  Numerical  Examples  and  Exercises.  i8mo.  4s.  6d. 

Ramsay.—  experimental  proofs  of  chemical 

THEORY  FOR  BEGINNERS.  By  William  Ramsay,  Ph.D., 
Professor  of  Chemistry  in  University  College,  Bristol.  Pott  8vo. 
2s.  6d. 

Rayleigh. — the  THEORY  OF  SOUND.  By  Lord  Rayleigh, 
M.A.,  F.R.S.,  formerly  Fellow  of  Trinity  College,  Cambridge, 
8vo.  Vol.  I.  I2S.  6d.  Vol.  II.  12s.  6d.  [Vol.  III.  in  the  press. 

Reuleaux. — tpie  kinematics  of  machinery.  Out- 

lines  of  a Theory  of  Machines.  By  Professor  F.  Reuleaux. 
Translated  and  Edited  by  Professor  A.  B.  W.  Kennedy,  C.E. 
With  450  Illustrations.  Medium  8vo.  21s. 

Shann. — an  ELEMENTARY  TREATISE  ON  HEAT,  IN 
RELATION  TO  STEAM  AND  THE  STEAM-ENGINE. 
By  G.  Shann,  M.A.  With  Illustrations.  Crown  8VO.4J.  bd. 

Spottiswoode.— POLARISATION  OF  LIGHT.  By  the  late 
W Spottiswoode,  P.R.S.  With  many  Illustrations.  New 
Edition.  Crown  8vo.  2^.  6d.  {Nature  Series.) 

Stewart  (Balfour)  . — Works  by  Balfour  Stewart,  F.R.S., 
Professor  of  Natural  Philosophy  in  the  Victoria  Univer.sity  the 
Owens  College,  Manchester. 

PRIMER  OF  PPIYSICS.  With  numerous  Illustrations.  New 
Edition,  with  Questions.  i8mo.  Ir.  {Science  Primers.) 


38  MACMILLAN’S  EDUCATIONAL  CATALOGUE. 


Stewart  (Balfour)  . — Works  by  {continued) 

LESSONS  IN  elementary  PHYSICS.  With  numerous 
Illustrations  and  Chromohtho  of  the  Spectra  of  the  Sun.  Stars 
and  Nebulas.  New  Edition.  Fcap.  8vo.  as.  6d  ’ 

QUESTIONS  ON  BALFOUR  STEWART’S  ELEMENTARY 
LESSONS  IN  PHYSICS.  By  Prof.  Thomas  H 
College,  Manchester.  Fcap,  8vo.  2s, 

Stewart— Gee.— elementary  practical  physics 

LESSONS  IN.  By  Professor  Balfour  Stewart,  F.R.S.  and 
W.  Haldane  Gee.  Crown  8vo.  * 

Part  I.— GENERAL  PHYSICAL  PROCESSES.  6s 
Part  II.— OPTICS,  HEAT,  AND  SOUND.  [/«'  preparation 
Part  III— ELECTRICITY  AND  MAGNETISM.  \ln preparation 
A SCHOOL  COURSE  OF  PRACTICAL  PHY^S^  ^h; 
same  authors.  {In  preparation. 

OtOkes.  ON  LIGHT.  Burnett  Lectures.  First  Course.  On  the 
Nature  of  Light.  Delivered  in  Aberdeen  in  November  iSS't. 
By  George  Gabriel  Stokes,  M.A.,  F.R.S.,  &c.,  fellow  of 
Pembroke  College,  and  Luca.'sian  Professor  of  Mathematics  in  the 
University  of  Cambridge.  Crown  8vo.  2r.  6d. 

Stone.— AN  ELEMENTARY  TREATISE  ON  SOUND.  By 
W.  H.  Stone,  M.B.  With  Illustrations.  i8mo.  3J.  6a?. 

— heat.  By  P.  G.  Tait,  M.A.,  Sec.  R.S.E.,  formerly 
Fellow  of  St.  Peter’s  College,  Cambridge,  Professor  of  Natural 
Philosophy  in  the  University  of  Edinburgh.  Crown  8vo.  6j. 

Thompson. — ELEMENTARY  LESSONS  IN  ELECTRICITY 
AND  MAGNETISM.  By  Silvanus  P.  Thompson,  Prmcipal 
and  Professor  of  Physics  in  the  Technical  College,  Finsbury.  With 
Illustrations.  New  Edition.  Fcap.  8vo.  4^.  6d. 

Thomson. — electrostatics  and  magnetism,  re- 
prints OF  PAPERS  ON.  By  Sir  William  Thomson, 
D.C.L.,  LL.D.,  F.R.S. , F.R.S. E.,  Fellow  of  St.  Peter’s  College, 
Cambridge,  and  Professor  of  Natural  Philosophy  in  the  University 
of  Glasgow.  Second  Edition.  Medium  8vo.  i8r. 

Thomson. — the  motion  OF  VORTEX  RINGS,  A 
TREATISE  ON.  An  Essay  to  which  the  Adams  Prize  was 
adjudged  in  1882  in  the  University  of  Cambridge.  By  J.  J. 
Thomson,  Fellow  of  Trinity  College,  Cambridge,  and  Professor 
of  Experimental  Physics  in  the  University.  With  Diagrams.  8vo. 
6s. 


Todhunter.— NATURAL  PHILOSOPHY  FOR  BEGINNERS. 
By  I.  Todhunter,  M.A.,  F.R.S.,  D.Sc. 

Part  I.  The  Properties  of  Solid  and  Fluid  Bodies.  i8mo.  y.  6d. 
Part  II.  Sound,  Light,  and  Heat.  i8mo.  35.  6d. 
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electricity,  a collection  of 

EXAMPLES  ON.  By  H.  H.  Turner,  B.A.,  Fellow  of  Trinity 
College,  Cambridge,  Crown  Svo.  2s.  6d. 

Wright  (Lewis). — LIGHT;  A COURSE  OF  EXPERI- 
MENTAL OPTICS,  CHIEFLY  WITH  THE  LANTERN. 
By  Lewis  Wright.  With  nearly  200  Engravings  and  Coloured 
Plates.  Crown  Svo.  Js,  6d, 


ASTRONOMY. 

^^^y-"r^?PULAR  ASTRONOMY.  With  lUustrations  by  Sir 
G.  B.  Airy,  K.C.B.,  formerly  Astronomer-Royal.  New  Edition 
iSmo.  4r.  6d. 

Forbes.— TRANSIT  OF  VENUS.  By  G.  Forbes,  M.A., 
Professor  of  Natural  Philosophy  in  the  Andersonian  University, 
Glasgow.  Illustrated.  Crown  Svo.  y.  6d.  (Nature  Series.) 

Godfray. — Works  by  Hugh  Godfrav,  M.A.,  Mathematical 
Lecturer  at  Pembroke  College,  Cambridge 
A TREATISE  ON  ASTRONOMY,  for  the  Use  of  Colleges  and 
Schools.  New  Edition.  Svo.  i2r.  6d. 

AN  ELEMENTARY  TREATISE  ON  THE  LUNAR  THEORY 
with  a Brief  Sketch  of  the  Problem  up  to  the  time  of  Newton’ 
Second  Edition,  revised.  Crown  Svo.  ^s.  6d. 

Lockyer.— Works  by  J.  Norman  Lockyer,  F.R.S. 

PRIMER  OF  ASTRONOMY.  With  numerous  Illustrations. 

New  Edition.  iSmo,  is.  (Science  Primers.) 

ELEMENTARY  LESSONS  IN  ASTRONOMY.  With  Coloured 
Diagram  of  the  Spectra  of  the  Sun,  Stars,  and  Nebulee,  and 
numerous  Illustrations.  New  Edition.  Fcap.  Svo,  6d 

LOCKYER’S  ELEMENTARY  LESSONS  IN 
ASTRONOMY.  For  the  Use  of  Schools.  By  John  Forbes- 
Robertson.  iSmo,  cloth  limp.  is.  6d. 

Newcomb.— POPULAR  ASTRONOMY.  By  S.  Newcomb 

Observatory.  With  112  Illustrations 
and  5 Maps  of  the  Stars.  Second  Edition,  revised.  Svo  iSr 
It  IS  imlAe  anything  else  of  its  kind,  and  will  be  of  more  use  in  circulatine-  a 

knowledge  of  Astronomy  than  nine-tenths  of  the  books  which  have  anneared  on 

subject  of  late  years.”-SATURDAY  Review.  appeared  on  the 


CHEMISTRY. 

Fleischer.— A SYSTEM  OF  VOLUMETRIC  ANALYSIS 
Translated,  with  Notes  and  Additions,  from  the  Second  German 
cSwn”sTO  Muir,  F.R.S.E.  With  lUustrations. 
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Jones.— Works  by  Francis  Jones,  F.R.S.E.,  F.C.S.,  Chemicall 
Master  m the  Grammar  School,  Manchester. 

THE  OWENS  COLLEGE  JUNIOR  COURSE  OF  PRAC- 
CHEMISTRY.  With  Preface  by  Sir  Henry  Roscoe,  . 
F.R.S.,  and  Illustrations.  New  Edition.  i8mo.  2s.  6d. 

QUESTIONS  ON  CHEMISTRY.  A Series  of  Problems  and 
Exercises  in  Inorganic  and  Organic  Chemistry.  Fcap.  8vo.  3f. 
Landauer.— BLOWPIPE  ANALYSIS.  By  J.  Landauer., 
Authorised  English  Edition  by  J.  Taylor  and  W.  E.  Kay,  of 
Owens  College,  Manchester.  Extra  fcap.  8vo.  4T.  6i^. 

Lupton. — ELEMENTARY  CHEMICAL  ARITHMETIC.  Witha 
1,100  Problems.  By  Sydney  Lupton,  M.A.,  Assistant-Master: 
at  Harrow.  Extra  fcap.  8vo.  5r. 

Muir. — PRACTICAL  CHEMISTRY  FOR  MEDICAL  STU- 
DENTS. Specially  arranged  for  the  first  M.B.  Course.  Byv 
M.  M.  Pattison  Muir,  F.R.S.E.  Fcap.  8vo.  is.  6d. 

Muir  and  Wilson. — the  ELEMENTS  OF  THERMAIJj 
CHEMISTRY.  By  M.  M.  Pattison  Muir,  M.A.,  F.R.S.E.,, 
FeUow  and  Praelector  of  Chemistry  in  Gonville  and  Caius  College,', 
Cambridge;  Assisted  by  David  Muir  Wilson.  8vo.  [In  the  press:. 

Roscoe. — Works  by  Sir  Henry  E.  Roscoe,  F.R.S.,  Professor  oi 
Chemistry  in  the  Victoria  University  the  Owens  C ollege,  Man  Chester  .■ 

PRIMER  OF  CHEMISTRY.  With  numerous  Illustrations.  New< 
Edition.  With  Questions.  l8mo.  u.  {Science  Primers). 

LESSONS  IN  ELEMENTARY  CHEMISTRY,  INORGANICj 
AND  ORGANIC.  With  numerous  Illustrations  and  Chromolitho 
of  the  Solar  Spectrum,  and  of  the  Alkalies  and  Alkaline  Earthss. 
New  Edition.  Fcap.  8vo.  4s.  6d. 

A SERIES  OF  CHEMICAL  PROBLEMS,  prepared  with  Speciaii 
Reference  to  the  foregoing,  by  T.  E.  Thorpe,  Ph.D.,  Professon: 
of  Chemistry  in  the  Yorkshire  College  of  Science,  Leeds,  Adapted 
for  the  Preparation  of  Students  for  the  Government,  Science,  and: 
Society  of  Arts  Examinations.  With  a Preface  by  Sir  Henry  E. 
Roscoe,  F.R.S.  New  Edition,  with  Key.  i8mo.  2s. 

Roscoe  and  Schorlemmer. — INORGANIC  AND  OR-. 
GANIC  CHEMISTRY.  A Complete  Treatise  on  Inorganic  and; 
Organic  Chemistry.  By  Sir  Henry  E.  Roscoe,  F.R.S.,  anc~ 
Professor  C.  Schorlemmer,  F.R.S.  With  numerous  Illustrations.^ 


Medium  8vo. 

Vols.  I.  and  II.— INORGANIC  CHEMISTRY. 

Vol.  I. — The  Non-Metallic  Elements.  21s.  Vol.  II.  Part  I. — 
Metals.  i8j.  Vol.  II.  Part  II. — Metals.  i8r. 

Vol.  III.— ORGANIC  CHEMISTRY.  Two  Parts. 

THE  CHEMISTRY  OF  THE  HYDROCARBONS  and  then: 
Derivatives,  or  ORGANIC  CHEMISTRY.  With  numerous' 
Illustrations.  Medium  8vo.  2ls.  each. 
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Schorlemiper. — a manual  of  the  CHEMISTRY  OF 
THE  CARBON  COMPOUNDS,  OR  ORGANIC  CHE- 
MISTRY.  By  C.  Schorlemmer,  F.R.S.,  Professor  of  Che- 
mistry in  the  Victoria  University  the  Owens  College,  Manchester. 
With  Illustrations.  Svo. , 14^. 

Thorpe. — a SERIES  OF  CHEMICAL  PROBLEMS,  prepared 
with  Special  Reference  to  Sir  H.  Roscoe’s  Lessons  in  Elemen- 
tary Chemistry,  by  T.  E.  Thorpe,  Ph.D.,  Professor  of  Chemistry 
in  the  Yorkshire  College  of  Science,  Leeds,  adapted  for  the  Pre- 
paration of  Students  for  the  Government,  Science,  and  Society  of 
Arts  Examinations.  With  a Preface  by  Sir  Henry  E.  Roscoe. 
New  Edition,  with  Key.  iSmo.  is. 

Thorpe  and  Riicker.— a TREATISE  ON  CHEMICAL 
PHYSICS.  By  Professor  Thorpe,  F.R.S.,  and  Professor 
Rucker,  of  the  Yorkshire  College  of  Science.  Illustrated. 
8 VO.  [/«  preparaAon. 

Wright. — METALS  AND  THEIR  CHIEF  INDUSTRIAL 
APPLICATIONS.  By  C.  Alder  Wright,  D.Sc.,  &c., 
Lecturer  on  Chemistry  in  St.  Mary’s  Hospital  Medical’ School. 
Extra  fcap.  Svo.  3J.  6d. 

BIOLOGY. 

Allen. — ON  THE  COLOUR  OF  FLOWERS,  as  Illustrated  in 
the  British  Flora.  By  Grant  Allen.  With  Illustrations. 
Crown  Svo.  is.M.  {Nature  Series.) 

Balfour. — a TREATISE  ON  COMPARATIVE  EMBRY- 
OLOGY. By  F.  M.  Balfour,  M.A.,  F.R.S.,  Fellow  and 
Lecturer  of  Trinity  College,  Cambridge.  With  Illustrations. 
Second  Edition.  In  2 vols.  Svo.  Vol.  I.  iSr.  Vol.  II.  21s. 

Bettany. — FIRST  LESSONS  IN  PRACTICAL  BOTANY. 
By  G.  T.  Bettany,  M.A.,  F.L.S.,  Lecturer  in  Botany  at  Guy’s 
Hospital  Medical  School.  iSmo.  u. 

Bower — Vines. — a COURSE  OF  PRACTICAL  INSTRUC- 
TION IN  BOTANY.  By  F.  O.  Bower,  M.A.,  F.L.S., 
Professor  of  Botany  in  the  University  of  Glasgow,  and  Sydney 
H.  Vines,  M.A.,  D.Sc.,  F.L.S.,  Fellow  and  Lecturer,  Christ’s 
College,  Cambridge.  With  a Preface  by  W.  T.  Thiselton 
Dyer,  M.A.,  C.M.G.,  F.R.S.,  F.L.S.,  Assistant  Director  of 
the  Royal  Gardens,  Kew.  Crown  Svo. 

Part  I.— PHANEROGAMS— PTERIDOPHYTA.  Crown  Svo. 

6r. 
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dTr^ww  notices  of  CH ARLES^ 

ji.K.S.,  &c.  By  Professor  Huxley,  P.RS  G T 
Archibald  Geikie,  F.R.S.,  and’w.  t!' 
F.R  S.  Reprinted  from  Nature.  With  ai 
by  C.  H.  JEENS.  Crown  8vo.  zs.  6d. 


Romanes,  F.R.S., 
Thiselton  Dyer, 
P ortrait,  engraved 
(Nature  Series.) 


Flower  (W.  H.) — an  introduction  to  the  09te 

Co“?0fT  Being  the  s.bsjce  ol  tt 

1 ^ Lectures  delivered  at  the  Royal  College  of  Surgeonss 

F W.  H.  Flower,  F.R.S.,, 

ciownL.  S"™””  . 


'’![  “‘CHAEt  Foster,  M.D.,  Sec.  R.S.,  Professe. 
Of  Physiology  m the  University  of  Cambridge. 

PMMER  OF  PHYSIOLOGY.  With  numerous  Illustrations.. 
New  Edition.  i8mo.  u. 


Wilb  Illustrations.  Fourth i 

Edition,  revised.  8vo.  zis. 

Foster  and  Balfour.— the  ELEMENTS  OF  EMBRY-- 
OLOGY.  By  Michael  Foster,  M.A.,  M.D.,  LL.D.,  Sec.  R.S., . 
Professor  of  Physiology  in  the  University  of  Cambridge,  Fellow, 
of  Trinity  College,  Cambridge,  and  the  late  Francis  M.  Balfour,  . 
M.A.,  LL.D.,  F.R.S. , Fellow  of  Trinity  College,  Cambridge,, 
and  Professor  of  Animal  Morphology  in  the  University.  Second  I 
Edition,  revised.  Edited  by  Adam  Sedgwick,  M.A.,  Fellow 
and  Assistant  Lecturer  of  Trinity  College,  Cambridge,  and  Walter  . 
Heape,_  Demonstrator  in  the  Morphological  Laboratory  of  the : 
University  of  Cambridge.  With  Illustrations.  Crown  8vo.  lor.  6d. 

Foster  and  Langley. — a COURSE  OF  elementary 
PRACTICAL  PHYSIOLOGY.  By  Prof.  Michael  Foster, 
M.D.,  Sec.  R.S.,  &c.,  and  J.  N.  Langley,  M.A.,  F.R.S.,  Fellow 
of  Trinity  College,  Cambridge.  Fifth  Edition.  Crown  8vo.  ?s.  6d. 

Gamgee. — a TEXT-BOOK  OF  THE  PHYSIOLOGICAL 
CHEMISTRY  OF  THE  ANIMAL  BODY.  Including  am 
Account  of  the  Chemical  Changes  occurring  in  Disease.  By  A. 
Gamgee,  M.D.,  F.R.S.,  Professor  of  Physiology  in  the  Victoria 
University  the  Owens  College,  Manchester.  2 Vols.  8vo. 
With  Illusti-ations.  Vol.  I.  i8j-.  [Fat.  II.  in  the  press. 

Gegenbaur. — elements  OF  comparative  anatomy. 

By  Professor  Carl  Gegenbaur.  A Translation  by  F.  Jeffrey 
Bell,  B.A.  Revised  with  Preface  by  Professor  E.  Ray  Lan- 
KESTER,  F.R.S.  With  numerous  Illustrations.  8vo.  zis. 
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Gray. — STRUCTURAL  BOTANY,  OR  ORGANOGRAPHY 
ON  the  basis  of  morphology.  To  which  are  added 
the  principles  of  Taxonomy  and  Phytography,  and  a Glossary  of 
Botanical  Terms.  By  Professor  Asa  Gray,  LL.  D.  8vo.  los.  6ci. 


Hooker. — Works  by  Sir  J.  D.  Hooker,  K.C.S.L,  C.B.,  M.D., 
F.R.S.,  D.C.L. 

PRIMER  OF  BOTANY.  With  numerous  Illustrations.  New 
Edition.  i8mo.  is.  {Science  Primers.) 

THE  STUDENT’S  FLORA  OF  TPIE  BRITISH  ISLANDS. 
Third  Edition,  revised.  Globe  8vo.  lor.  6d. 

Howes. — AN  ATLAS  OF  PRACTICAL  ELEMENTARY 
BIOLOGY.  By  G.  B.  Howes,  Demonstrator  of  Biology, 
Normal  School  of  Science  and  Royal  School  of  Mines,  Lecturer 
in  Comparative  Anatomy,  St.  George’s  Hospital  Medical  School, 
London.  With  a Preface  by  Professor  Huxley,  P.R.  S.  Royal 
4to.  I4T. 


IJ. 


Huxley.  Works  by  Professor  Huxley,  P.R.S. 
INTRODUCTORY  PRIMER  OF  SCIENCE.  i8mo. 
{Science  Primers.) 

LESSONS  IN  ELEMENTARY  PHYSIOLOGY.  With  numerous 
Illustrations.  New  Edition  Revised.  Fcap.  8vo.  4J.  6d 
QUESTIONS  ON  HUXLEY’S  PHYSIOLOGY  FOR  SCHOOLS 
By  T.  Alcock,  M.D.  i8mo.  is.  6d. 

PRIMER  OF  ZOOLOGY.  i8mo.  {Science  Primers.) 

{In  preparation. 

Huxley  and  Martin. — a COURSE  OF  PRACTICAL  IN 
STRUCTION  IN  ELEMENTARY  BIOLOGY.  By  Professor 
Huxley,  P.R.S. , assisted  by  H.  N.  Martin,  M.B.,  D.Sc.  New 
Edition,  revised.  Crown  8vo.  6s. 

Works  by  Professor  E.  Ray  Lankester,  F.R.S. 

zoology.  Crown  8vo.  {In  preparation. 
DEGENERATION  : A CHAPTER  IN  DARWINIShL  Illus- 
trated. Crown  8vo.  2s.  6d.  {Nature  Series.) 

Lubbock. — Works  by  Sir  JOHN  Lubbock,  M.P.,  F.R.S.  D.C.L. 
THE  ORIGIN  AND  METAMORPHOSES  OF  INSECTS 
With  numerous  Illustrations.  New  Edition.  Crown  8vo.  v.  6d. 
{Nature  Seties.)  ^ 

ON  BRITISH  WILD  FLOWERS  CONSIDERED  IN  RE- 
LATION  TO  INSECTS.  With  numerous  Illustrations.  New 
Edition.  Crown  8vo.  4J.  6d.  {Nature  Series). 

M Kendrick. — OUTLINES  OF  PHYSIOLOGY  IN  ITS  RE- 

MAN.  By  J.  G.  M’Kendrick,  M.D.,  F.R.S.E. 
With  Illustrations.  Crown  8vo.  I2j.  6d. 
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Moale.— ON  THE  DISSECTION  OF  VERTE-.. 
BRATE  ANIMALS.  By  Professor  H.  N.  Martin  and  W.  A. 
Moale.  Crown  8vo.  {In  preparation  ' 

(See  also  page  41.) 

Mivart.  Works  by  St.  George  Mivart,  F.R.S.  Lecturer  im 
Comparative  Anatomy  at  St.  Maiy’s  Hospital. 

LESSONS  IN  ELEMENTARY  ANATOMY.  With  upwards  01 : 
400  Illustrations.  Fcap.  8vo.  6s.  6d, 

THE  COMMON  FROG.  With  numerous  Illustrations.  Crowm 
8vo.  3r.  6d.  (Nature  Series.) 


Muller.— the  fertilisation  of  flowers.  By  Pro- 
fessor Hermann  Muller.  Translated  and  Edited  by  D’Arcw 
W.  Thompson,  B.A.,  Scholar  of  Trinity  College,  Cambridge.. 
With  a Preface  by  Charles  Darwin,  F.R.S.  With  numerous: 
Illusti'ations.  Medium  8vo.  2ij. 


Oliver. — Works  by  Daniel  Oliver,  F.R.S.,  &c..  Professor  obi 
Botany  in  University  College,  London,  &c. 

FIRST  BOOK  OF  INDIAN  BOTANY.  With  numerous  Illuss' 
trations.  Extra  fcap.  8vo.  6s.  6d. 

LESSONS  IN  ELEMENTARY  BOTANY.  With  nearly  20a 
Illustrations.  New  Edition.  Fcap.  8vo.  4^.  6d. 

Parker. — a COURSE  OF  INSTRUCTION  IN  ZOOTOMY:' 
(VERTEBRATA).  By  T.  Jeffrey  Parker,  B.Sc.  London,., 
Professor  of  Biology  in  the  University  of  Otago,  New  Zealand., 
With  Illustrations.  Crown  8vo.  Si'.  6d. 

Parker  and  Bettany. — the  MORPHOLOGY  OF  THE 
SKULL.  By  Professor  Parker  and  G.  T.  Bettany.  Illus- 
trated. Crown  8vo.  \os.  6d. 


Romanes. — THE  SCIENTIFIC  EVIDENCES  OF  ORGANIC 
EVOLUTION.  By  G.  J.  Romanes,  M.A.,  LL.D.,  F.R.S., 
Zoological  Secretary  to  the  Linnean  Society.  Crown  8vo.  2s.  6d. 
(Nature  Series.) 

Smith  . — Works  by  John  Smith,  A.L.S.,  &c.  I 

A DICTIONARY  OF  ECONOMIC  PLANTS.  Their  History,, 
Products,  and  Uses.  8vo.  14J. 

DOMESTIC  BOTANY  : An  Exposition  of  the  Structure  and: 
Classification  of  Plants,  and  their  Uses  for  Food,  Clothing,-. 
Medicine,  and  Manufacturing  Purposes.  With  Illustrations.  New. 
Issue.  Crown  8vo.  12s.  6d. 

Smith  (W.  G.)— DISEASES  OF  FIELD  AND  GARDEN^ 
CROPS,  CPIIEFLY  SUCH  AS  ARE  CAUSED  BY  FUNGL, 
By  Worthington  G.  Smith,  F.L.S.,  M.A.I.,  Member  of  the; 
Scientific  Committee  R.H.S.  With  143  New  Illustrations  drawn 
and  engraved  from  Nature  by  the  Author.  Fcap.  8vo.  4s.  6d. 
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Wiedersheim  (Prof.). — manual  OF  COMPARATIVE 
ANATOMY.  Translated  and  Edited  by  Prof,  W.  N.  Parker. 
With  Illustrations.  Crown  8vo.  \In  preparation, 

MEDICINE. 

Brunton. — Works  by  T.  Lauder  Brunton,  M.D.,  D.Sc., 
F.R.C.F.,  F.R.S.,  Assistant  Physician  and  Lecturer  on  Materia 
Medica  at  St.  Bartholomew’s  Hospital ; Examiner  in  Materia 
Medica  in  the  University  of  London,  in  the  Victoria  University, 
and  in  the  Royal  College  of  Physicians,  London ; late  Examiner 
in  the  University  of  Edinburgh. 

ATEXT-BOOKOFPHARMACOLOGY,  THERAPEUTICS,  AND 
MATERIA  MEDICA.  Adapted  to  the  United  States  Pharma- 
copoeia, by  Francis  H.  Williams,  M.D.,  Boston,  - Mass. 
Medium  8vo.  21s. 

TABLES  OF  MATERIA  MEDICA : A Companion  to  the 
Materia  Medica  Museum.  With  Illustrations.  New  Edition 
Enlarged.  8vo.  lor.  6d. 

Hamilton.— A TEXT-BOOK  OF  PATHOLOGY.  By  D.  J. 
Hamilton,  Professor  of  Pathological  Anatomy  (Sir  Erasmus 
Wilson  Chair),  University  of  Aberdeen.  8vo.  \In  preparation. 

Klein.— MICRO-ORGANISMS  AND  DISEASE.  An  Intro- 
duction into  the  Study  of  Specific  Micro-Organisms.  By  E. 
Klein,  M.D.,  F.R.S.,  Joint  Lecturer  on  General  Anatomy  and 
Physiology  in  the  Medical  School  of  St.  Bartholomew’s  Hospital, 
London.  With  108  Engravings.  Second  Edition.  Fcap.  8vo. 

Ziegler-Macalister.— TEXT-BOOK  OF  PATHOLOGICAL 
ANATOMY  AND  PATHOGENESIS.  By  Professor  Ernst 
Ziegler  of  Tubingen.  Translated  and  Edited  for  English 
Students  by  Donald  Macalister,  M.  A.,  M.  D. , B.  Sc. , M.R.C.P., 
Fellow  and  Medical  Lecturer  of  St.  John’s  College,  Cambridge, 
Physician  to  Addenbrooke’s  Hospital,  and  Teacher  of  Medicine  in 
the  University.  W ith  numerous  Illustrations.  Medium  8vo. 

Part  I.— GENERAL  PATHOLOGICAL  ANATOMY,  izs.  6d. 

Part  II. — SPECIAL  PATHOLOGICAL  ANATOMY.  Sections 
I. — VIII.  I2s.  6d.  Sections  IX. — XVII.  in  the  press. 

ANTHROPOLOGY. 

Flower. — FASHION  IN  DEFORMITY,  as  Illustrated  in  the 
Customs  of  Barbarous  and  Civilised  Races.  By  Professor 
Flower,  F.R.S-,  F.R.C.S.  With  Illustrations.  Crown  8vo, 
2s.  6d,  {Nature  Series.) 
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An  Introduction  to  the  Study  of  f 
Man  and  Civilisation.  Hv  F TJ  Tvrr^o  i\r-T  t-  ,,  r.  5*x.  ?*' 

numerous  Illustrations. 


Crown  8vo.  Js.  6d. 


PHYSICAL  GEOGRAPHY  & GEOLOGY. 

Blanford.  the  RUDIMENTS  OF  PHYSICAI  CFnrRA 
PHY  FOR  THE  USE  OF  INDIAN  SCHOOLS  ; with'\' 
Glossary  of  Technical  Terms  employed.  By  H.  F.  Blanford, 
1 .K.b.  New  Edition,  with  Illustrations.  Globe  8vo.  2s.  6d. 

Geikie, — Works  by  Archirald  Geikie,  LL.D.,  F.R.S.  Director- 
General  of  the  Geological  Survey  of  Great  Britain  and  Ireland,  and 
Director  of  the  Museum  of  Practical  Geology,  London,  formerly 
^ Edin^u”gh^°&r°'^  Geology  and  Mineralogy  in  the  University 

PRIMER  OF  PHYSICAL  GEOGRAPHY.  With  numerous 
Illustrations.  New  Edition.  With  Questions.  i8mo.  r. 
(Science  Primers.) 

ELEMENTARY  LESSONS  IN  PHYSICAL  GEOGRAPHY 
With  numerous  Illustrations.  New  Edition.  Fcap.  8vo.  uj  6</’ 
QUESTIONS  ON  THE  SAME.  ij.  6d.  ^ ' 

PIHMER  OF  GEOLOGY.  With  numerous  Illustrations.  New 
Edition.  iSmo.  u,  {Science  Primers.) 

CLASS-BOOK  OF  GEOLOGY.  For  the  use  of  Colleges  and 
Schools.  With  Illustrations.  Fcap.  8vo.  [/„  preparation. 

‘^.^GLOGY.  With  numerous  Illustrations. 
Second  Edition,  Revised  and  Enlarged.  8vo.  28j. 

OUTLINES  OF  FIELD  GEOLOGY.  With  Illustrations.  New 
Edition.  Extra  fcap.  8vo.  31-.  (yd. 


Huxley.  PFIYSIOGRAPHY.  An  Introduction  to  the  Study 
of  Nature.  By  Professor  Huxley,  P.R.S.  With  numerous 
lllustiations,  and  Coloured  Plates.  New  and  Cheaper  Edition. 
Crown  8vo.  (ys. 


Phillips.  A TREATISE  ON  ORE  DEPOSITS.  By  J.  Arthur 
Phillips,  F.R.S.,  V.P.G.S.,  F C.S.,  M.Inst.C.E.,  Ancien  Eleve 
de  I’tcole  des  Mines,  Pari.s ; Author  of  “A  Manual  of  Metallurgv,” 
“The  Mining  and  Metallurgy  of  Gold  and  Silver,”  &c.  W'ith 
numerous  Illustrations.  8vo.  25X. 


POLITICAL  ECONOMY. 


47 


AGRICULTURE. 

Frankland.— ACxRICULTURAL  CHEMICAL  ANALYSIS, 
A Handbook  of.  By  Percy  Faraday  Frankland,  Ph.D., 
B.Sc.,  F.C.S.,  Associate  of  the  Royal  School  of  Mines,  and 
Demonsti-ator  of  Practic?!  and  Agricultural  Chemistry  in  the 
Normal  School  of  Science  and  Royal  School  of  Mines,  South 
Kensington  Museum.  Founded  upon  Leitfaden  fur  die  Agriculture 
Chemiche  Analyse,  von  Dr.  F.  Krocker.  Crown  8vo.  ^s.  6d. 
Smith  (Worthington  G.). — DISEASES  OF  FIELD  AND 
GARDEN  CROPS,  CHIEFLY  SUCH  AS  ARE  CAUSED  BY 
FUNGI.  By  Worthington  G.  Smith,  F.L.S.,  M.A.I., 
Member  of  the  Scientific  Committee  of  the  R.H.S.  With  143 
Illustrations,  drawn  and  engraved  from  Nature  by  the  Author. 
Fcap.  Svo.  . 4J.  6d. 

Tanner. — Works  by  Henry  Tanner,  F.C.S.,  M.R.A.C., 
Examiner  in  the  Principles  of  Agriculture  under  the  Government 
Department  of  Science  ; Director  of  Education  in  the  Institute  of 
Agriculture,  South  Ken.sington,  London ; sometime  Professor  of 
Agi-icultural  Science,  University  College,  Aberystwith 
ELEMENTARY  LESSONS  IN  THE  SCIENCE  OF  AGRI- 
CULTURAL PRACTICE.  Fcap.  Svo.  3j.  6d. 

FIRST  PRINCIPLES  OF  AGRICULTURE.  iSmo.  rj. 

PRINCIPLES  OF  AGRICULTURE.  A Series  of  Reading 
Books  for  use  in  Elementary  Schools.  Prepared  by  Henry 
Tanner,  F.C.S.,  M.R.A.C.  Extra  fcap.  Svo.  ^ 

I.  The  Alphabet  of  the  Principles  of  Agriculture.  6d. 

Steps  in  the  Principles  of  Agriculture,  ij", 

III.  Elementary  School  Readings  on  the  Principles  of  Agriculture 
for  the  third  stage,  is, 

POLITICAL  ECONOMY. 

EmNO^i^^p  TP  T OF  POLITICAL 

S PnT  T Fy  Dr.  Luigi  Cossa,  Professor  in  the  University 
ot  Pavia.  Translated  from  the  Second  Italian  Edition.  With  a 

Jevons,  F.R.S.  Crown  Svo.  4^.  6d. 
(^^S.)._Wo  by  Millicent  Garrett  Fawcett:— 

TP?;TTtc^^t-FCONOiMY  for  beginners,  with  QUES- 

mAvPoT.r  Edition.  iSmo.  2s.  6d. 

TALES  IN  POLITICAL  ECONOMY.  Crown  Svo.  35. 

manual  of  POLITICAL  ECONOMY.  By 

wlfh  P R-  Fawcett,  F.R.S.  Sixth  Edition,  revise^ 

of  the  Socialism  and  the  Nation  a lisatira 

or  tne  Band,  and  an  Index.  Crown  Svo.  i2r. 

Jevons.  PRIMER  OF  POLITICAL  ECONOMY  By  W 

Stanley  Jevons,  LL.D.,  M. A.,  F.R.S,  New  Edition.  ^Smo," 

If.  [.Science  Primers.) 
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Ma^hall.  the  economics  of  industry.  Bv  a 

Marshal^  M.A.,  Professor  of  Political  Economy  in  the  Uni-- 
TCrsityof  Cambridge,  and  Mary  P.  Marshall,  late  Lecturer  at- 
. Newnham  Hall,  Cambridge.  Extra  fcap.  8vo.  2s.  6d. 

PRINCIPLES  OF  POLITICAL  ECONOMY. 
By  Professor  Henry  SiDGWicK,  M.A.,  LL.D.,  Knightbridge  ^ 

Professor  of  Moral  Philosophy  in  the  University  of  Cambridge, 
&c..  Author  of  “The  Methods  of  Ethics.”  8vo.  i6s.  ^ 
\A^alker.  POLITICAL  ECONOMY.  By  Francis  A.  Walker 
M.A.,  Ph.D.,  Author  of  “The  Wages  Question,”  “Money’’ 
“Money  in  its  Relation  to  Trade,”  &c.  8vo.  lor.  6d. 


MENTAL  & MORAL  PHILOSOPHY. 
Calderwood. — handbook  of  moral  philosophy 

By  the  Rev.  Henry  Calderwood,  LL.D.,  Professor  of  Moral' 
Philosophy,  University  of  Edinburgh.  New  Edition.  Crown  8vo. 
6r. 

Clifford.— SEEING  AND  THINKING.  By  the  late  Professor- 
W.  K.  Clifford,  F.R.S.  With  Diagrams.  Crown  8vo.  31-.  td. 
{Nature  Series.) 

Jardine. — the  elements  OF  the  psychology  of- 

COGNITION.  By  the  Rev.  Robert  Jardine,  B.D.,  D.Sc. 
(Edin.),  Ex-Principal  of  the  General  Assembly’s  College,  Calcutta. . 
Second  Edition,  revised  and  improved.  Crown  8vo.  6s.  6d. 
Jevons. — Works  by  the  late  W.  Stanley  Jevons,  LL.D.,  M.A., 
F.R.S. 

PRIMER  OF  LOGIC.  New  Edition.  i8mo.  is.  {Science; 
Printers. ) 

ELEMENTARY  LESSONS  IN  LOGIC;  Deductive  and  Induc- 
tive, with  copious  Questions  and  Examples,  and  a Vocabulary  of: 
Logical  Terms.  New  Edition.  Fcap.  8vo.  31-.  6d. 

THE  PRINCIPLES  OF  SCIENCE.  A Treatise  on  Logic  and; 
Scientific  Method.  New  and  Re-vised  Edition.  Crown  8vo. . 
12J-.  6d. 

STUDIES  IN  DEDUCTIVE  LOGIC.  Second  Edition.  Crown; 

8 VO.  6s. 

Keynes. — FORMAL  LOGIC,  Studies  and  Exercises  in.  Including; 
a Generalisation  of  Logical  Processes  in  their  application  to 
Complex  Inferences.  By  John  Neville  Keynes,  M.A.,  late? 
Fellow  of  Pembroke  College,  Cambridge.  Crown  8vo.  lOf.  6d. 
Sidgwick.— THE  METHODS  OF  ETHICS.  By  Professor 
Henry  Sidgwick,  M.  A.,  LL.D.  Cambridge,  &c.  Third  Edition. 
8vo.  14J.  A Supplement  to  the  Second  Edition,  containing  all : 
the  important  Additions  and  Alterations  in  the  Third  Edition. . 
Deray  8vo.  6s. 
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Arnold  (T.). — THE  SECOND  PUNIC  WAR.  By  Thomas 
Arnold,  D.D.  Edited  with  Introduction  and  Notes.  By  W.  T. 
Arnold,  B.A.  Crown  Svo.  \I'^  the  press. 

Arnold  (W.  T.).— TPIE  ROMAN  SYSTEM  OK  PROVINCIAL 
ADMINISTRATION  TO  THE  ACCESSION  of  CONSTAN- 
TINE THE  GREAT.  By  W.  T.  Arnold,  B.A.  Crown  8vo.  6s. 
**  Ought  to  prove  a valuable  handbook  to  the  student  of  Roman  history.  — 
Guardian. 

Beesly. — STORIES  FROM  THE  HISTORY  OF  ROME, 
By  Mrs.  Beesly.  Fcap.  Svo.  2s.  6d. 

Brook. — FRENCH  HISTORY  FOR  ENGLISH  CHILDREN, 
By  Sarah  Brook.  With  Coloured  Maps.  Crown  Svo.  6s. 
Bryce. — THE  HOLY  ROMAN  EMPIRE.  By  James  Bryce, 
D.C.L.,  Fellow  of  Oriel  College,  and  Regius  Professor  of  Civil  Law 
in  the  University  of  Oxford.  Seventh  Edition.  Crown  Svo.  "js.  6d. 
Buckley. — a HISTORY  OF  ENGLAND  FOR  BEGINNERS. 

By  Arabella  Buckley.  Globe  Svo,  {lit  preparation. 

Clarke. — CLASS-BOOK  OF  GEOGRAPHY.  By  C.  B.  Clarke, 
M.A.,  F.L.S.,  F.G.S.,  F.R.S.  New  Edition,  with  Eighteen 
Coloured  Maps.  Fcap.  Svo.  3^. 

Freeman.— OLD  ENGLISH  HISTORY.  By  Edward  A. 
Freeman,  D.C.L.,  LL.D.,  Regius  Professor  of  Modern  History 
in  the  University  of  Oxford,  &c.  With  Five  Coloured  Maps. 
New  Edition.  Extra  fcap.  Svo.  6s. 

A SCHOOL  HISTORY  OF  ROME.  By  the  same  author.  Crown 
3yq_  \In  preparation, 

Fyffe.’— A SCHOOL  HISTORY  OF  GREECE.  By  C.  A. 
Fyffe,  M.A.,  Fellow  of  University  College,  Oxford.  Crown- 
3yq_  \In  preparation. 


Green.  — Works  by  John  Richard  Green,  M.A.,  LL.D., 
late  Honorary  Fellow  of  Jesus  College,  Oxford. 

SHORT  HISTORY  OF  THE  ENGLISH  PEOPLE.  With 
Coloured  Maps,  Genealogical  Tables,  and  Chronological  Annals. 
Crown  Svo.  Sj.  6d.  loSth  Thousand. 

“ Stands  alone  as  the  one  general  history  of  the  country,  for  the  sake  of  which 
' all  others,  if  young  and  old  are  wise,  will  be  speedily  and  surely  set  aside. 

^'^A^XlYSIS  of  ENGLISH  HISTORY,  based  on  Green’s  “Short 
History  of  the  English  People.”  By  C.  W.  A.  Tait,  M.A., 
Assistant-Master,  Clifton  College.  Crown  Svo.  ss.  6d. 
READINGS  FROM  ENGLISH  HISTORY.  Selected  and 
Edited  by  John  Richard  Green.  Three  Parts.  Globe  Svo. 
ij,  6d.  each.  I.  Hengist  to  Cressy.  II.  Cressy  to  Cromwell. 
III.  Cromwell  to  Balaklava.  ^ 
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short  geography  OF  THE  BRITISH- 

-S-o.  .. 

HISTORY  OF  ENGLAND 
By  M.  J.  Guest.  With  Maps.  Crown  8vo.  6s 

Histor^r  ;rng  ^ooks  ol  English. 

Hi^orical  Course  for  Schools — Edited  by  Edward  A 
Freeman,  IX C.L.,  l^e  Fellow  of  Trinity  College,  Oxford,  Regius 
Professor  of  Modern  History  in  the  University  of  Oxford. 

I. —GENERAL  SKETCH  OF  EUROPEAN  HISTORY.  By 
Edward  A Freeman,  D.C.L.  New  Edition,  revised  andl 

enlarged,withChronologicalTable,  Maps,  and  Index.  i8mo.  a^.baT.. 
^^■~^^ST0RY  OF  ENGLAND.  By  Edith  Thompson.  New 
Edition,  revised  and  enlarged,  with  Coloured  Maps.  i8mo 
, 2s,  Oa. 

III. — HISTORY  OF  SCOTLAND. 

New  Edition.  i8mo.  2s. 

IV. -HISTORY  OF  ITALY.  By 
New  Edition,  with  Coloured  Maps, 

V. — HISTORY  OF  GERMANY. 

Edition  Revised.  i8mo.  3r. 

VI. — PIISTORY  OF  AMERICA. 

Maps.  i8mo.  4s.  6d. 

VII.  EUROPEAN  COLONIES.  By  E.  J.  Payne  M A 
Maps.  i8mo.  41-.  6d. 

VIH- — FRANCE.  By  Charlotte  M.  Yonge.  With 
i8mo.  3J.  6d. 


By  Margaret  Macarthur. 


the  Rev.  W.  Hunt, 
i8mo.  3r.  6d. 

SiME,  M.A.  . 


M.A. 


By  J. 

By  John  A.  Doyle, 


New 


With 


With 


Maps. 


GREECE.  By  Edward  A.  Freeman,  D.C.L.  \_In preparation. 
ROME.  ByEDWARD  A.  Freeman,  D.C.L.  \.m preparation. 

History  Primers — Edited  by  John  Richard  Green,  M.A., 
LL.D.,  Author  of  “A  Short  History  of  the  English  People.” 

ROME.  _ By  the  Rev.  M.  Creighton,  M.A.,  Dixie  Professor  of 
Ecclesiastical  History  in  the  University  of  Cambridge.  With 
Eleven  Maps.  i8mo.  ir. 

“The  author  has  been  curiously  successful  in  telling  in  an  intelligent  way 
the  story  of  Rome  from  first  to  last.” — School  Board  Chronicle. 
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History  Primers  Contimied — 

GREECE.  By  C.  A.  Fyffe,  M.A.,  Fellow  and  late  Tutor  of 
University  College,  Oxford.  With  Five  Maps.  i8mo.  is. 

“We  give  our  unqualified  praise  to  this  little  manual.”— Schoolmaster. 

EUROPEAN  HISTORY.  By  E.  A.  Freeman,  D.C.L.,  LL.D. 
With  Maps.  i8mo.  is. 

“The  work  is  always  clear,  and  forms  a luminous  key  to  European  history.” 
—School  Board  Chronicle. 

GREEK  ANTIQUITIES.  By  the  Rev.  J.  P.  Mahaffy,  M.A. 


Illustrated.  i8mo.  ir. 

“All  that  is  necessary  for  the  scholar  to  know  is  told  so  compactly  yet  so 
and  in  a style  so  interesting,  that  it  is  impossible  for  even  the  dullest  boy  to  lo^^ 
on  this  little  work  in  the  same  light  as  he  regards  his  other  school  books.  —School- 
master. 

CLASSICAL  GEOGRAPHY. 


Bv  H.  F.  Tozer,  M.A.  i8mo.  is. 


“Another  valuable  aid  to  the  study  of  the  ancient  world.  . . . It  contains 
an  enormous  quantity  of  information  packed  into  a small  space,  and  at  the  same  time 
communicated  in  a very  readable  shape.” — John  Bull. 

GEOGRAPHY.  By  Sir  George  Grove,  D.C.L.  With  Maps. 


i8mo.  1.1.  , , , 

“A  model  of  what  such  a work  should  be.  . . . We  know  of  no  short  treatise 
better  suited  to  infuse  life  and  spirit  into  the  dull  lists  of  proper  names  of  which 
our  ordinary  class-books  so  often  almost  exclusively  consist.  T.imes. 

ROMAN  ANTIQUITIES.  By  Professor  Wilkins.  Illus- 
trated. i8mo.  IT. 

“A  little  book  that  throws  a blaze  of  light  on  Roman  history,  and  is,  moreover, 
intensely  interesting.” — School  Board  Chronicle. 

FRANCE.  By  Charlotte  M.  Yonge.  i8mo.  is. 

“May  be  considered  a wonderfully  successful  piece  of  work. general 
merit  as  a vigorous  and  clear  sketch,  giving  in  a small  space  a vivid  idea  of  the 
history  of  France,  remains  undeniable.” — Saturday  Review. 


Hole.— A GENEALOGICAL  STEMMA  OF  THE  KINGS  OF 
ENGLAND  AND  FRANCE.  By  the  Rev.  C.  Hole.  On 
Sheet.  IT. 


Jennings. — CHRONOLOGICAL  TABLES.  Compiled  by  Rev. 
A.  C.  Jennings.  [/«  press. 

Kiepert — A MANUAL  OF  ANCIENT  GEOGRAPHY.  From 
the  German  of  Dr.  H.  Kiepert.  Crown  8vo.  5t. 

Lethbridge.— ASFIORT  MANUAL  OF  THE  HISTORY  OF 
INDIA.  With  an  Account  of  India  as  it  is.  The  Soil, 
Climate,  and  Productions  ; the  People,  their  Races,  Religions, 
Public  Works,  and  Industries  ; the  Civil  Services,  and  System 
of  Administration.  By  Roper  Lethbridge,  M.A.,  C.I.E., 
late  Scholar  of  Exeter  College,  Oxford,  formerly  Principal  of 
Kishnaghur  College,  Bengal,  Fellow  and  sometime  Examiner  of 
the  Calcutta  University.  With  Maps.  Crown  8vo.  5s. 

e 2 


52  MACMILLAN’S  EDUCATIONAL  CATALOGUE. 


Michelet,  a summary  of  modern  history  Tram 

lated  from  the  French  of  M.  Michelet,  and  continu;d  to  the 
Present  Time,  by  M.  C.  M.  Simpson,  Globe  8vo.  4s.  6d. 

history.  By  E.  C.  Ott£.  With 

Maps,  (jrlobe  ovo.  oj. 

Ramsay.— A SCHOOL  HISTORY  OF  ROME.  By  G G 
Ramsay,  M.A.,  Professor  of  Humanity  in  the  Uni4rsity  of 
Glasgow.  With  Maps.  Crown  8vo.  \_In  preparation. 

'^^tt.~ANALYSIS  OF  ENGLISH  HISTORY,  based  on  Green’s 
Short  History  of  the  English  People.”  By  C.  W A Tait 
M.A.,  Assistant-Master,  Clifton  College.  Crown ’Svo.’  3^.  6d.  ' 

Wheeler.— A SHORT  HISTORY  OF  INDIA  AND  OF  THE 
FRONTIER  STATES  OF  AFGHANISTAN,  NEPAUL 
AND  BURMA.  By  J.  Talboys  Wheeler.  With  Maps! 
Crown  8vo.  I2r. 

. “ It  ‘he  best  book  of  the  kind  we  have  ever  seen,  and  we  recommend  it  to  a place 
in  every  school  library.  — Educational  Times. 


Yonge  (Charlotte  M.). — a PARALLEL  HISTORY  OF 
FRANCE  AND  ENGLAND  : consisting  of  Outlines  and  Dates. 
By  Charlotte  M.  Yonge,  Author  of  “The  Heir  of  Redclyffe,’’ 
&c.,  &c.  Oblong  4to.  3^.  (id. 

CAMEOS  FROM  ENGLISH  HISTORY.— FROM  ROLLO 
TO  EDWARD  II.  By  the  Author  of  “The  Heir  of  Redclyffe.” 
Extra  fcap.  8vo.  New  Edition.  5r. 

A SECOND  SERIES  OF  CAMEOS  FROM  ENGLISH 
HISTORY.  — THE  WARS  IN  FRANCE.  New  Edition. 
Extra  fcap.  8vo.  5'‘' 


A THIRD  SERIES  OF  CAMEOS  FROM  ENGLISH  HISTORY. 
— THE  WARS  OF  THE  ROSES.  New  Edition.  Extra  fcap, 
8vo.  5j. 

CAMEOS  FROM  ENGLISH  HISTORY— A FOURTH  SERIES. 
REFORMATION  TIMES.  Extra  fcap.  Svo.  Sr. 

CAMEOS  FROM  ENGLISH  PIISTORY.— A FIFTH  SERIES. 
ENGLAND  AND  SPAIN.  Extra  fcap.  Svo.  Sr. 

EUROPEAN  HISTORY.  Narrated  in  a Series  of  Historical 
Selections  from  the  Best  Authorities.  Edited  and  arranged  by 
E.  M.  Sewell  and  C.  M.  Yonge.  First  Series,  1003—1154. 
New  Edition.  Crown  Svo.  6s.  Second  Series,  1088 — 1228. 
New  Edition.  Crown  Svo.  6s. 
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MODERN  LANGUAGES  AND 
LITERATURE. 


(i)  English,  (2)  French,  (3)  German,  (4)  Modern 
Greek,  (5)  Italian. 

ENGLISH. 

Abbott.— A SHAKESPEARIAN  GRAMMAR.  An  attempt  to 
illustrate  some  of  the  Differences  between  Elizabethan  and  Modem 
English.  By  the  Rev.  E.  A.  Abbott,  D.D.,  Head  Master  of  the 
City  of  London  School.  New  Edition.  Extra  fcap.  8vo.  6r. 

Brooke. — PRIMER  OF  ENGLISH  LITERATURE.  By  the 
Rev.  Stopford  A.  Brooke,  M.A.  i8mo.  u.  {Literature 
Primers.) 

Butler. — HUDIBRAS.  Edited,  with  Introduction  and  Notes,  by 
Alfred  Milnes,  M.A.  Lon.,  late  Student  of  Lincoln  College, 
Oxford.  Extra  fcap  8vo.  Part  I.  3s.  6d.  Parts  II.  and  III. 


4J.  6d. 

Cowper’s  TASK:  AN  EPISTLE  TO  JOSEPH  HILL,  ESQ.  ; 
TIROCINIUM,  or  a Review  of  the  Schools ; and  THE  HIS- 
TORY OF  JOHN  GILPIN.  Edited,  with  Notes,  by  William 
Benham,  B.D.  Globe  8vo.  u.  {Glohe  Readings  from  Standard 
Authors.) 

Dowden. — Shakespeare.  By  Professor  Dowden.  i8mo. 

IS.  {Literature  Primers.) 

Dryden. — SELECT  PROSE  WORKS.  Edited,  with  Introduction 
and  Notes,  by  Professor  C.  D.  Yonge.  Fcap.  8vo.  2.s.  6d. 
Gladstone. — spelling  REFORM  FROM  AN  EDUCA- 
TIONAL POINT  OF  VIEW.  By  J.  H.  Gladstone,  Ph.D., 
F.R.S.,  Member  of  the  School  Board  for  London.  New  Edition. 
Crown  8vo.  is.  6d. 

Globe  Readers.  For  Standards  I. — VI.  Edited  by  A.  F. 
Murison.  Sometime  English  Master  at  the  Aberdeen  Grammar 
■ School.  With  Illustrations.  Globe  8vo. 


Primer  I.  (48  pp.)  3d. 

Primer  II.  (48  pp.)  3^- 

Book  I.  (96  pp.)  6d. 

Book  II.  (136  pp.)  gd. 

“Among  the  numerous 


Book  III.  (232  pp.)  is.  3d. 
Book  IV.  (328  pp.)  ir.  gd. 
Book  V.  (416  pp.)  2s. 
Book  VI.  (448  pp.)  2s.  6d. 


sets 


.......v.—  - of  readers  before  the  public  the  present  series  is 

honourably  distinguished  by  the  marked  superiority  of  its  materials  and  the 
careful  ability  with  which  they  have  been  adapted  to  the  growmg  capacity  of  the 
pupils  The  plan  of  the  two  primers  is  excellent  for  facilitating  the  child  s first 
attempts  to  read.  In  the  first  three  following  books  there  is  abundance  of  enter- 
taining reading Better  food  for  young  minds  could  hardly  be  found.  — 

The  Athen.«um. 
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*The  Shorter  Globe  Readers. — 

8vo, 


With  Illustrations.  Globe 


Primer  I. 
Primer  II. 
Standard  I. 
Standard  II. 


(48  pp.)  3</. 
(48  pp.)  id. 
(92  pp.)  6d. 
(124  pp.)  9(/. 


Standard  III.  (178  pp.)  \s. 
Standard  IV.  (182  pp.)  is. 
Standard  V.  (216  pp.)  is.  j,d. 
Standard  VI.  (228  pp.)  is.  6d. 


oLaiiudiu  VI.  pp.j  IJ.  oa. 

for  si"  nfr^adS  ‘^e  demand 


GLOBE  READINGS  FROM  STANDARD  AUTHORS. 

an  epistle  TO  JOSEPH  HILL,  ESQ.; 
or  a Review  of  the  Schools  ; and  THE  HIS- 
TORY OF  JOHN  GILPIN.  Edited,  with  Notes,  by  William 
Benham,  B.D.  Globe  8vo.  is. 

Goldsmith’s  vicar  of  Wakefield.  With  a Memoir  of 
Goldsmith  by  Professor  Masson.  Globe  8vo.  ir. 


Lamb’s  (Charles)  tales  FROM  SHAKESPEARE 
Edited,  with  Preface,  by  Alfred  Ainger,  M.A.  Globe 

OVO.  2s. 

Scott’s  (Sir  Walter)  lay  of  the  last  minstrel  ; 

and  THE  LADY  OF  TFIE  LAKE.  Edited,  with  Introductions 
and  Notes,  by  Francis  Turner  Palgrave.  Globe  8vo.  is. 
MARMION  ; and  the  LORD  OF  THE  ISLES.  By  the  same 
Editor.  Globe  8vo.  is. 

The  Children’s  Garland  from  the  Best  Poets. — • 

Selected  and  arranged  by  Coventry  Patmore.  Globe  8vo.  2s. 

Yonge  (Charlotte  M.). — a BOOK  OF  GOLDEN  DEEDS 
OF  ALL  TIMES  AND  ALL  COUNTRIES.  Gathered  and 
narrated  anew  by  Charlotte  M.  Yonge,  the  Author  of  “ The 
Heir  of  Reddy ffe.”  Globe  8 vo.  2s. 


Goldsmith. — the  TRAVELLER,  or  a Prospect  of  Society  ; 
and  THE  DESERTED  VILLAGE.  By  Oliver  Goldsmith. 
With  Notes,  Philological  and  Explanatory,  by  J.  W.  Hales,  M.A. 
Crown  8vo.  6d. 

TPIE  VICAR  OF  WAKEFIELD.  With  a Memoir  of  Goldsmith 
by  Professor  Masson.  Globe  8vo.  u.  {Globe  Readings  f<‘om 
Standard  Authors.) 

SELECT  ESSAYS.  Edited,  with  Introduction  and  Notes,  by 
Professor  C.  D.  Yonge.  Fcap.  8vo.  2s.  6d. 
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Hales. — LONGER  ENGLISH  POEMS,  with  Notes,  Philological 
and  Explanatory,  and  an  Introduction  on  the  Teaching  of  English. 
Chiefly  for  Use  in  Schools.  Edited  by  J.  W.  Hales, 
Professor  of  English  Literature  at  King’s  College,  London.  New 
Edition.  Extra  fcap.  8vo.  4s.  6d. 

Johnson’s  LIVES  OF  THE  POETS.  The  Six  Chief  Lives 
(Milton,  Dryden,  Swift,  Addison,  Pope,  Gray),  with  Macaulay  s 
“Life  of  Johnson.”  Edited  with  Preface  by  Matthew  Arnold. 
Crown  8vo.  6s. 

Lamb  (Charles).— TALES  FROM  SHAKESPEARE.  Edited, 
with  Preface,  by  Alfred  Ainger,  M.A.  Globe  8vo.  2s. 
{Globe  Readings  from  Standard  Authors.) 

Literature  Primers — Edited  by  John  Richard  Green, 
M.  A.,  LL.D.,  Author  of  “ A Short  History  of  the  English  People. 

ENGLISH  COMPOSITION.  By  Professor  Nichol.  i8mo.  is. 
ENGLISH  GRAMMAR.  By  the  Rev.  R.  Morris,  LL.D.,  some- 
time President  of  the  Philological  Society.  i8mo,  cloth,  is. 

ENGLISH  GRAMMAR  EXERCISES.  By  R.  Morris,  LL.D., 
and  H.  C.  Bowen,  M.A.  i8mo.  is. 

EXERCISES  ON  MORRIS’S  PRIMER  OF  ENGLISH 
GRAMMAR.  By  John  Wetherell,  of  the  Middle  School, 
Liverpool  College.  i8mo.  is. 

ENGLISH  LITERATURE.  By  Stopford  Brooke,  M.A.  New 
Edition.  i8mo.  is. 

SHAKSPERE.  By  Professor  Dowden.  i8mo.  if. 

THE  CHILDREN’S  TREASURY  OF  LYRICAL  POETRY. 

Selected  and  arranged  with  Notes  by  Francis  Turner  Pal- 
- GRAVE.  In  Two  Parts.  i8mo.  if.  each. 

PHILOLOGY.  By  J.  Peile,  M.A.  i8mo.  if. 

Macmillan’s  Reading  Books. — Adapted  to  the  English  and 
Scotch  Codes.  Bound  in  Cloth. 

PRIMER.  i8mo.  (48  pp.)  2d. 

BOOK  I.  for  Standard  I.  i8mo.  {96  pp.)  4d. 

„ II.  „ II.  i8mo.  (144  PP-)  5<i- 

„ III.  „ III.  i8mo.  (160  pp.)  6d. 

„ IV.  „ IV.  i8mo.  (176  pp.)  %d. 

V.  „ V.  i8mo.  (380  pp.)  If. 
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Macmillan’s  Reading- Books  Continued- 

BOOK  VI.  for  Standard  VI.  Crown  8vo.  (430  pp  ) 2j 

'■“i”  >■"»»— 

aim  chieHy  at  giving  to  the  pupils  the  reading  books  must 

and  skilful  expression;  at  culdZine- in  impossible,  apt 

•ng  a desire  of  further  reading  ’ Tins  is  done  W®t°a°l5  at  arous- 

from  true  English  classics,  going  un  in  StandarH  Vr  ^ ® extracts 

Bacon,  as  well  as  Wordsworth^  hl^acaulay  and  Froud^'^  ^ThT"l’ 


Macmillan’s  Copy-Books— 

Published  in  two  sizes,  viz.  : 

1.  Large  Post  4to.  Price  4d.  each. 

2.  Post  Oblong.  Price  2d.  each. 

1.  INITIATORY  EXERCISES  AND  SHORT  LETTERS 

2.  WORDS  CONSISTING  OF  SHORT  LETTERS. 
Figure?.^*^  letters.  With  words  containing  Long  Letters— 

*4.  WORDS  CONTAINING  LONG  LETTERS. 

I to  revising  copy-book.  For  Nos. 


H'tLF.TEXT.  Worf, 

*6.  HALF-TEXT  WORDS  beginning  with  Capitals— Fio-ures 
Figure^.'^^^’^'^^^  half-text.  With  Capitals  and 

half-text.  With  Capitals  and 

^^^■o^l^^CTISING  AND  REVISING  COPY-BOOK.  For  Nos. 


*9.  SMALL-HAND  SINGLE  HEADLINES-Figures 

10.  SMALL-HAND  SINGLE  HEADLINES-Figures 

11.  SMALL-HAND  DOUBLE  HEADLINES-Figures. 

12.  COMMERCIAL  AND  ARITHMETICAL  EXAMPLES  &c 

12a.  PRACTISING  AND  REVISING  COPY-BOOK.  For  Nos' 
o to  12. 


* T/iese  numbers  may  be  had  with  Goodman's  Patent  Sliding 
Copies.  Large  Post  4to.  Price  (>d.  each. 
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Martin.  THE  POET’S  HOUR  : Poetry  selected  and  arranged 
for  Children.  By  Frances  Martin,  New  Edition.  i8mo. 
2s.  6d. 

SPRfNG-TIME  WITH  THE  POETS  : Poetry  selected  by 
Frances  Martin.  New  Edition.  i8mo.  3^.  6d. 

Milton.— By  Stopford  Brooke,  M.A.  Fcap.  8vo.  is.  6d. 
{Classical  Writers  Series.) 

Morris. — Works  by  the  Rev.  R.  Morris,  LL.D, 

HISTORICAL  OUTLINES  OF  ENGLISH  ACCIDENCE, 
comprising  Chapters  on  the  Flistory  and  Development  of  the 
Language,  and  on  Word-formation.  New  Edition.  Extra  fcap. 
8vo.  6s. 

ELEMENTARY  LESSONS  IN  HISTORICAL  ENGLISH 
GRAMMAR,  containing  Accidence  and  Word-formation.  New 
Edition.  i8mo.  2s.  6d. 

PRIMER  OF  ENGLISH  GRAMMAR.  i8mo.  is.  (See  also 
Literature  Primers.) 

Oliphant. — the  OLD  AND  MIDDLE  ENGLISH.  A New 
Edition  of  “THE  SOURCES  OF  STANDARD  ENGLISH,” 
revised  and  greatly  enlarged.  By  T.  L.  Kington  Oliphant. 
Extra  fcap.  8vo.  qj. 

NEW  ENGLISH.  By  the  same  author.  Globe  8vo.  [/«  the  press. 

Palgrave.— THE  CHILDREN’S  TREASURY  OF  LYRICAL 
POETRY.  Selected  and  arranged,  with  Notes,  by  Francis 
Turner  Palgrave.  i8mo.  2s.  6d.  Also  in  Two  Parts. 
l8mo.  Is.  each. 

Patmore.— the  children’s  garland  from  the 

BEST  POETS.  Selected  and  arranged  by  Coventry  Patmore. 
Globe  8vo.  2s.  {Globe  Readings  from  Standard  Authors.) 

Plutarch. — Being  a Selection  from  the  Lives  which  Illustrate 
Shakespeare.  North’s  Translation.  Edited,  with  Introductions, 
Notes,  Index  of  Names,  and  Glossarial  Index,  by  the  Rev.  W. 
W.  Skeat,  M.A.  Crown  8vo.  6s. 

Scott’s  (Sir  Walter)  LAY  OF  THE  LAST  MINSTREL, 
and  THE  LADY  OF  THE  LAKE.  Edited,  with  Introduction 
and  Notes,  by  Francis  Turner  Palgrave.  Globe  8vo.  ij-. 
{Globe  Readings  from  Standard  Authors.) 

MARMION  ; and  THE  LORD  OF  THE  ISLES.  By  the 
same  Editor.  Globe  8vo.  is.  {Globe  Readings  from  Standard 
Authors.) 
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Shakespeare.— A SHAKESPEARE  MANUAL.  By  F.  G. 
Fleay,  M.A.,  late  Head  Master  of  Skipton  Grammar  School. 
Second  Edition.  Extra  fcap.  8vo.  /^s.  6d. 

PRIMER  OF  SPIAKESPEARE.  By  Professor  Dowden. 
i8mo.  IS.  {Literature  Pt inter s.) 

Sonnenschein  and  Meiklejohn.  — THE  ENGLISH 
METHOD  OF  TEACHING  TO  READ.  By  A.  Sonnen- 
schein and  J.  M.  D.  Meiklejohn,  M.A.  Fcap.  8vo. 

COMPRISING  : 

TPIE  NURSERY  BOOK,  containing  all  the  Two-Letter  Words 
in  the  Language.  \d.  (Also  in  Large  Type  on  Sheets  for 
School  Walls.  5j.) 

THE  FIRST  COURSE,  consisting  of  Short  Vowels  with  Single 
Consonants,  (td. 

THE  SECOND  COURSE,  with  Combinations  and  Bridges, 
consisting  of  Short  Vowels  with  Double  Consonants,  td. 
THE  THIRD  AND  FOURTH  COURSES,  consisting  of  Long  ■ 
■ Vowels,  and  all  the  Double  Vowels  in  the  Language,  bd. 

“ These  are  admirable  books,  because  they  are  constructed  on  a principle,  and  1 
that  the  simplest  principle  on  which  it  is  possible  to  learn  to  read  English.” — 
Spectator. 

Taylor  • — WORDS  AND  PLACES  ; or,  Etymological  Illustra-  ■ 
tions  of  History,  Ethnology,  and  Geography.  By  the  Rev. 
Isaac  Taylor,  M.A.  Third  and  Cheaper  Edition,  revised  andl 
compressed.  With  Maps.  Globe  8vo.  6s. 

Tennyson. — The  COLLECTED  WORKS  of  ALFRED,  LORD) 
TENNYSON,  Poet  Laureate.  An  Edition  for  Schools.  In  Four- 
Parts.  Crown  8vo.  is.  6d.  each. 

Thring. — THE  ELEMENTS  OF  GRAMMAR  TAUGHT  IN: 
ENGLISH.  By  Edward  Thring,  M.A.,  Head  Master  of! 
Uppingham.  With  Questions.  Fourth  Edition.  i8mo.  is. 

Trench  (Archbishop). — Works  by  Richard  Chenevix: 
Trench,  D.D. 

HOUSEHOLD  BOOK  OF  ENGLISH  POETRY,  Selected  and; 

Arranged,  Aith  Notes.  Third  Edition.  Extra  fcap.  8vo.  £r.  6d. 
ON  THE  STUDY  OF  WORDS.  Seventeenth  Edition,  revised. 
Fcap.  8vo.  S-^- 

ENGLISH,  PAST  AND  PRESENT.  Eleventh  Edition,  revised, 
and  improved  Fcap  8vo.  5-*'’ 

A SELECT  G '>SSARY  OF  ENGLISH  WORDS,  used  formerly 
in  Senses  Dmerent  from  their  Present.  Fifth  Edition,  revised; 
and  enlarged.  Fcap.  8vo.  5-®'' 


MODERN  LANGUAGES  AND  LITERATURE. 


59 


Vaughan  (C.M.). — WORDS  FROM  THE  POETS.  By 
C.  M.  Vaughan.  New  Edition.  i8mo,  cloth,  is. 

Ward.  THE  ENGLISH  POETS.  Selections,  with  Critical 
Introductions  by  various  Writers  and  a General  Introduction  by 
Matthew  Arnold.  Edited  by  T.  H.  Ward,  M.A.  4 VoE 
Vol.  I.  CHAUCER  TO  DONNE.— Vol.  II.  BEN  JONSON 
TO  DRYDEN.— Vol.  HI.  ADDISON  to  BLAKE.— Vol  IV 
WORDSWORTH  to  ROSSETTI.  Crown  8vo.  Each  yr.  eJ. 

Wetherell. — EXERCISES  ON  MORRIS’S  PRIMER  OF 
ENGLISH  GRAMMAR.  By  John  Wetherell,  M.A. 
l8mo.  If.  (Literahire  Primers.) 

Wrightson. — the  FUNCTIONAL  ELEMENTS  OF  AN 
ENGLISH  SENTENCE,  an  Examination  of.  Together  with 
a New  System  of  Analytical  Marks.  By  the  Rev.  W.  G 
Wrightson,  M.A.,  Cantab.  Crown  8vo.  5^. 

Yonge  (Charlotte  M.). — the  ABRIDGED  BOOK  OF 
GOLDEN  DEEDS.  A Reading  Book  for  Schools  and  general 
readers.  By  the  Author  of  “ The  Heir  of  Redclyffe.”  i8mo 
cloth.  If.  ’ 

GLOBE  READINGS  EDITION.  Complete  Edition.  Globe 
8vo.  IS.  (See  p.  53.) 


FRENCH. 

Beaumarchais. — le  barbier  de  Seville.  Edited, 

with  Introduction  and  Notes,  by  L.  P.  Blouet,  Assistant  Master 
m St.  Paul’s  School.  Fcap.  8vo.  31.  6d. 

Bowen.— FIRST  LESSONS  IN  FRENCH.  By  H.  Cour- 
THOPE  Bowen,  M.A.,  Principal  of  the  Finsbury  Training  College 
for  rligner  and  Middle  Schools,  Extra  fcap,  8vo.  \s, 

Breymann.— Works  by  Hermann  Breymann,  Ph.D.,  Pro- 

fessor  of  Philology  in  the  University  of  Munich. 

A FRENCH  GRAMMAR  BASED  ON  PHILOLOGICAL 
PRINCIPLES.  Second  Edition.  Extra  fcap.  8vo.  4f.  6a’. 
FIRST  FRENCH  EXERCISE  BOOK.  Extra  fcap.  8vo.  as  6d 
SECOND  FRENCH  EXERCISE  BOOK.  Extra  fcap.  8vo,  Ir.  6d. 

Fasnacht. — THE  ORGANIC  METHOD  OF  STUDYING 
LANGUAGES.  By  G.  Eugene  Fasnacht,  Author  of  “Mac- 
millan’s Progi-essive  French  Course,”  Editor  of  “ Macmillan’s 
Foreign  School  Classics,”  &c.  Extra  fcap.  8vo.  I French 
y.  6d.  . 
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Fasnacht. — a SYNTHETIC  FRENCH  GRAMMAR  FOR. 
SCHOOLS.  By  the  same  Author.  Crown  8vo.  3^.  i>d. 

GRAMMAR  AND  GLOSSARY  OF  THE  FRENCH!  LAN-’- 
GUAGE  OF  THE  SEVENTEENTH  CENTURY.  By  thet 
same  Author.  Crown  8vo.  \In preparation..' 

Macmillan’s  Primary  Series  of  French  andi 
German  Reading  Books. — Edited  by  G.  Eugeni-: 
Fasnacht,  Assistant-Master  in  Westminster  School.  Withnj 
Illustrations.  Globe  8vo. 

GRIMM — HAUSMARCHEN.  Selected  and  Edited,  with  Intro:' 
duction,  Notes,  and  Vocabulary,  by  G.  E.  Fasnacht.  [In  the  press;  ', 

HAUFF.— DIE  KARAVANE.  Edited,  with  Introduction,  Notes? 
and  Vocabulary,  by  Herman  Hager,  Ph.D.  Lecturer  in  tht( 
Owens  College,  Manchester.  Globe  8vo.  [In  the  press 

LA  FONTAINE— SELECT  FABLES.  Edited,  with  Introductiona 
Notes,  and  Vocabulary,  by  L.  M.  Moriarty,  B.  A.,  late  Assistant;] 
Master  at  Rossall.  2s.  \ 

LE  MAISTRE— LA  JEUNE  SIB^RIENNE  ET  LE  l£PREU>^ 
DE  LA  CITE  D’AOSTE.  Edited,  with  Introduction,  Notes? 
and  Vocabulary.  By  S.  Barlet,  French  Master  in  the  Mercers? 
School.  Globe  8vo.  [hi  the  press: 

PERRAULT— CONTES  DE  f6eS.  Edited,  with  Introduction 
Notes,  and  Vocabulary,  by  G.  E.  Fasnacht.  ij. 

G.  SCHWAB— ODYSSEUS.  With  Introduction,  Notes,  ant  i 
Vocabulary,  by  the  same  Editor.  [In  preparation  \ 

Macmillan’s  Progressive  French  Course.  —By  G.j 

Eugene  Fasnacht,  Assistant-Master  in  Westminster  School. 

I.  — First  Year,  containing  Easy  Lessons  on  the  Regula. 
Accidence.  Extra  leap.  8vo.  is. 

II.  — Second  Year,  containing  an  Elementary  Grammar  ^yith! 
copious  Exercises,  Notes,  and  Vocabularies.  A new  Edition:) 
enlarged  and  thoroughly  revised.  Extra  leap.  8vo.  2s. 

III.  — Third  Year,  containing  a Systematic  Syntax,  and  Lesson, 
in  Composition.  Extra  leap.  8vo.  2s.  6d. 

THE  TEACHER’S  COMPANION  TO  MACMILLAN’: ! 
PROGRESSIVE  FRENCH  COURSE.  With  Copious  Notes ; 
Hints  for  Different  Renderings,  Synonyms,  Philological  Remarks. 
&c.  By  G.  E.  Fasnacht.  Globe  8vo.  Second  Year  41-.  (soi 
Third  Year  4s.  6d. 
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i^acmillan’s  Progressive  French  Readers.  By 

;i  G.  Eugene  Fasnacht. 

I. — First  Year,  containing  Fables,  Historical  Extracts,  Letters, 
Dialogues,  Fables,  Ballads,  Nursery  Songs,  &c.,  with  Two 
Vocabularies:  (i)  in  the  order  of  subjects;  (2)  in  alphabetical 
order.  Extra  fcap.  8vo.  2s.  6d. 

II.  — Second  Year,  containing  Fiction  in  Prose  and  Verse, 
Historical  and  Descriptive  Extracts,  Essays,  Letters,  Dialoirues. 
&c.  Extra  fcap.  8vo.  2s.  6d. 

Macmillan’s  Foreign  School  Classics.  Edited  by  G. 

Eugene  Fasnacht.  i8mo. 

FRENCH. 


CORNEILLE — LE  CID.  Edited  by  G.  E.  Fasnacht.  is. 
DUMAS— LES  DEMOISELLES  DE  ST.  CYR.  * Edited  by 
Victor  Oger,  Lecturer  in  University  College,  Liverpool. 

t/^  the  Dress. 

LA  FONTAINE’S  FABLES.  Books  I.— VI.  Edited  by  L.  M. 

Moriarty,  B.  a.  \In  preparation. 

MOLlfiRE— LES  FEMMES  SAVANTES.  By  G.  E.  Fasnacht. 

is. 

MOLlfeRE— LE  MISANTHROPE.  By  the  same  Editor,  if. 

MOLIERE— LE  MEDECIN  MALGRE  LUI.  By  the  same 
Editor.  If. 

MOLliiRE — L’AVARE.  Edited  by  L.  M.  Moriarty,  B.A., 
late  A.ssistant-Master  at  Rossall.  if.  ’ " ’’ 

MOLIERE— LE  BOURGEOIS  GENTILHOMME.  By  the  same 
Editor.  If.  6d. 

RACINE — BRITANNICUS.  Edited  by  Eugene  Pellissier, 
Assistant- Master  in  Clifton  College,  and  Lecturer  in  University 
College,  Bristol.  r/,j  prreparation. 

SCENES  IN  ROMAN  HISTORY.  SELECTED  FROM 
FRENCH  HISTORIANS.  Edited  by  C.  Colbeck,  M.A.,  late 
Fellow  of  Trinity  College,  Cambridge;  Assistant- Master  at 

o preparation. 

SAND,  GEORGE— LA  MARE  AU  DIABLE.  Edited  by  W.  E. 

Russell,  M.A.,  Assistant  Master  in  Haileybury  College  if 
SANDEAU,  JULES— MADEMOISELLE  DE  LA  SETGLIERE. 
Edit^ed  by  H.  C.  Steel,  Assistant  Master  in  Wellington  College. 

THIERS’S  HISTORY  OF  THE  EGYPTIAN  EXPEDITION. 
Edited  by  Rev.  H.  A.  Bull,  M.A.  Assis’ant- Master  in 
W ellington  College.  [7«  preparation 

VOLTAIRE— CHARLES  XII.  Edited  by  G.  E.  Fasnacht.  3f.6a’. 
Other  volumes  to  follow. 

(See  also  German  Authors,  page  62.) 
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Masson  (Gustave).— a COMPENDIOUS  DICTIONARY  ■ 
OF  THE  FRENCH  LANGUAGE  (Frendi-English  and  English- 
French).  Adapted  from  the  Dictionaries  of  Professor  Alfred  > 
Elwall.  Followed  by  a List  of  the  Principal  Diverging’ 
Derivations,  and  preceded  by  Chronological  and  Historical  Tables.. 
By  Gustave  Masson,  Assistant  Master  and  Librarian,  Harrow 
School.  New  Edition.  Crown  8vo.  6s. 

Moliere. — LE  MALADE  IMAGINAIRE.  Edited,  with  Intro-i 
dnction  and  Notes,  by  Francis  Tarver,  M.A.,  Assistant  Master: 
at  Eton.  Fcap.  8vo.  2s.  6d. 

(See  also  Macmillan's  Foreign  School  Classics.) 


GERMAN. 

HUSS. — A SYSTEM  OF  ORAL  INSTRUCTION  IN  GERMAN,, 
by  means  of  Progressive  Illustrations  and  Applications  of  the: 
leading  Rules  of  Grammar.  By  Hermann  C.  O.  Huss,  Ph.D.'. 
Crown  8vo.  5r. 

Macmillan’s  Progressive  German  Course.  By  G..j 

EuGt;NE  Fasnacht.  ; 

Part  I. — P’irst  Year.  Easy  Lessons  and  Rules  on  the  Regulati 
Accidence.  Extra  fcap.  8vo.  ir.  6d. 

Part  II. — Second  Year.  Conversational  Lessons  in  Systematic; 
Accidence  and  Elementary  Syntax.  With  Philological  Illustrationa- 
and  Etymological  Vocabulary.  Extra  fcap.  8vo.  2s. 

Part  III.— Third  Year.  \In  preparatiom. 

Macmillan’s  Progressive  German  Readers.  By; 

G.  E.  Fasnacht.  j 

I. — First  Year,  containing  an  Introduction  to  the  German  order: 
of  Words,  with  Copious  Examples,  extracts  from  German  Authorr 
in  Prose  and  Poetry,  Notes,  and  Vocabularies.  Extra  Fcap.  8vo.,, 
2s.  6d. 

Macmillan’s  Primary  German  Reading  BooksiJ 

(See  page  59.) 

Macmillan’s  Foreign  School  Classics.  Edited  biJ 
G.  EuGi;NE  Fasnacht,  i8mo. 

GERMAN.  i 

GOETHE— GOTZ  VON  BERLICHINGEN.  Edited  by  H.  A.,' 
Bull,  M.A.,  Assistant  Master  at  Wellington  College.  2s.  \ 
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Foreign  School  Clsssics^Gcrm&n)  Continued — 

GOETHE — FAUST.  Part  I.  Edited  by  Jane  Lee,  Lecturer 
in  Modern  Languages  at  Newnham  College,  Cambridge. 

[/«  preparation. 

HEINE— SELECTIONS  FROM  THE  REISEBILDER  AND 
OTHER  PROSE  WORKS.  Edited  by  C.  Colbeck,  M.A., 
Assistant-Master  at  Harrow,  late  Fellow  of  Trinity  College, 
Cambridge.  2s.  6d. 

SCHILLER — MINOR  POEMS.  Selected  and  Edited  by  E.  J. 
Turner,  B.A.,  and  E.  D.  A.  Morshead,  M.A.  Assistant- 
Masters  in  ^Vinchester  College.  \In  preparation. 

SCHILLER— DIE  JUNGFRAU  VON  ORLEANS,  Edited  by 
Joseph  Gostwick.  2s.  6d. 

SCHILLER — MARIA  STUART.  Edited  by  C.  Sheldon,  M.A., 
D.Lit.,  of  the  Royal  Academical  Institution,  Belfast.  2s.  6d. 
SCHILLER  WILHELM  TELL,  Edited  by  G.  E.  Fasnacht. 

[In  preparation. 

UHLAND— SELECT  BALLADS.  Adapted  as  a First  Easy  Read- 
ing Book  for  Beginners.  Edited  by  G.  E.  .Fasnacht.  is. 

***  Other  Volumes  to  follow. 

(See  also  French  Authors,  page  60.) 

PelllSSier.— french  roots  and  their  families.  By 

Eugene  Pellissier.  Lecturer  at  University  College,  and  at 
Clifton  College,  Bristol.  Globe  8vo.  [/«  the  press. 

Pylodet. — NEW  GUIDE  to  german  conversation; 

containing  an  Alphabetical  List  of  nearly  800  Familiar  Words ; 
followed  by  Exercises  ; Vocabulary  of  Words  in  frequent  use  ; 
Familiar  Phrases  and  Dialogues ; a Sketch  of  German  Literature, 
Idiomatic  Expressions,  &c.  By  L.  Pylodet.  i8mo,  cloth  limp. 
2s.  6d.  ^ 


Whitney.  Works  by  W.  D.  Whitney,  Professor  of  Sanskrit 
and  Instructor  in  Modern  Languages  in  Yale  College. 

A COMPENDIOUS  GERMAN  GRAMMAR.  Crown  8 vo.  qj.  6d. 

A GERMAN  READER  IN  PROSE  AND  VERSE.  With  Notes 
and  Vocabulary.  Crown  8vo.  ^s. 


Edgren. — a COMPENDIOUS  GERMAN 
AND  ENGLISH  DICTIONARY,  with  Notation  of  Correspon- 
dences and  Brief  Etymologies.  By  Professor  W.  D.  Whitney 
assisted  by  A.  H.  Edgren.  Crown  8vo,  7s.  6d.  ’ 

THE  GERMAN-ENGLISH  PART,  separately,  5J, 


64  MACMILLAN’S  EDUCATIONAL  CATALOGUE. 


MODERN  GREEK. 

Vincent  and  Dickson.  — HANDBOOK  TO  MODERN 
GREEK.  By  Edgar  Vincent  and  T.  G.  Dickson,  M.A. 
Second  Edition,  revised  and  enlarged,  with  Appendix  on  the 
relation  of  Modern  and  Classical  Greek  by  Professor  Jebb. 
Crown  8vo.  6s. 

ITALIAN. 

Dante.  — the  purgatory  of  DANTE.  Edited,  with 

Translation  and  Notes,  by  A.  J,  Butler,  M.A.,  late  Fellow  of 
Trinity  College,  Cambridge.  Crown  8vo.  12s.  6d. 

THE  PARADISO  OF  DANTE.  Edited,  with  Translation  and 
Notes,  by  the  same  Author.  \In  the  press. 


DOMESTIC  ECONOMY. 

Barker — first  lessons  in  the  principles  of 

COOKING.  By  Lady  Barker.  New  Edition.  i8mo.  u, 
Berners. — FIRST  LESSONS  ON  HEALTH.  By  J.  Berners. 
New  Edition.  i8mo.  is. 

Fawcett. — tales  in  political  economy.  By  Milli- 
cent  Garrett  Fawcett.  Globe  8vo.  3^. 

Frederick.— HINTS  TO  HOUSEWIVES  ON  SEVERAL 
POINTS,  PARTICULARLY  ON  THE  PREPARATION  OF 
ECONOMICAL  AND  TASTEFUL  DISHES.  By  Mrs. 
Frederick.  Crown  8vo.  u. 

“This  unpretending  and  useful  little  volume  distinctly  supplies  a desideratum 
. . . . The  author  steadily  keeps  in  view  the  simple  aim  of  ‘ making  every-day 
meals  at  home,  particularly  the  dinner,  attractive,’  without  adding  to  the  ordinary  ■ 
household  expenses.’’ — Saturday  Review. 

Grand’homme. — CUTTING-OUT  AND  DRESSMAKING. 
From  the  French  of  Mdlle.  E.  Grand’homme.  With  Diagrams. 
i8mo.  IS. 

Jex-Blake. — THE  CARE  OF  INFANTS.  A Manual  forr 
Mothers  and  Nurses.  By  Sophia  Jex-Blake,  M.D.,  Member- 
of  the  Irish  College  of  Physicians  ; Lecturer  on  Plygiene  at : 
the  London  School  of  Medicine  for  Women  i8mo.  is. 

Tegetmeier. — HOUSEHOLD  MANAGEMENT  AND 
COOKERY.  With  an  Appendix  of  Recipes  used  by  thet 
Teachers  of  the  National  School  of  Cookery.  By  W.  B., 
Tegetmeier.  Compiled  at  the  request  of  the  School  Board  for. 
London.  i8mo.  ij. 
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Thornton. — FIRST  LESSONS  IN  BOOK-KEEPING  By 
J.  Thornton.  New  Edition.  Crown  8vo.  2s.  6d. 
object  of  this  volume  is  to  make  the  theory  of  Book-keeping  sufficient^ 
plain  for  even  children  to  understand  it. 


Wright THE  SCHOOL  COOKERY-BOOK.  Compiled  and 

Edited  by  C.  E.  Guthrie  Wright,  Hon  Sec.  to  the  Edinburgh 
School  of  Cookery.  i8mo.  if. 


ART  AND  KINDRED  SUBJECTS. 
Anderson. — linear  perspective,  and  model 

DRAWING.  A School  and  Art  Class  Manual,  with  Questions 
and  Exeicises  for  Examination,  and  Examples  of  Examination 
Papers.  By  Laurence  Anderson.  With  Illustrations.  Royal 
8vo.  2s,  ■’ 

Collier.— A PRIMER  OF  ART.  With  Illustrations.  By  John 
Collier.  i8mo.  if. 

Delamotte._A  BEGINNER’S  drawing  book.  By 

P.  H.  Delamotte,  F.S.A.  Progressively  arranged.  New 
i Edition  improved.  Crown  8vo.  3f.  6d. 

Ellis.— SKETCHING  FROM  NATURE.  A Handbook  for 
[ Students  and  Amateurs.  By  Tristram  J.  Ellis.  With  a 
Frontispiece  and  Ten  Illustrations,  by  H.  Stacy  Marks 
R.A.,  and  Twenty-seven  Sketches  by  the  Author.  Crown  8vo! 
2f.  6d.  {Art  at  Home  Series.) 

Hunt.  TALKS  ABOUT  ART.  By  William  Hunt.  With  a 
^ Letter  from  J.  E.  Millais,  R.A.  Crown  8vo.  31.  6d. 

Taylor. — a PRIMER  OF  PIANOFORTE  PLAYING.  By 
Franklin  Taylor.  Edited  by  Sir  George  Grove.  i8mo.  if. 

WORKS  ON  TEACHING. 

BlakistOn  TPIE  teacher.  Hints  on  School  Management. 
A Handbook  for  Managers,  Teachers’  Assistants,  and  Pupil 
Teachers.  By  J.  R.  Blakiston,  M.A.  Crown  8vo.  2f.  6i/. 
(Recommended  by  the  London,  Birmingham,  and  Leicester 
School  Boards.) 

“ Into  a comparatively  small  book  he  has  crowded  a great  deal  of  exceedingly 
useful  and  sound  advice.  It  is  a plain,  common-sense  book,  full  of  hints  to  the 
Uacher  on  the  management  of  his  school  and  his  children.”— School  Board 
Chronicle. 

Calderwood  ON  TEACHING.-  By  Professor  Henry  Calder- 
WOOD.  New  Edition.  Extra  fcap.  8vo.  2f.  6d. 
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Fearon. — SCH09L  INSPECTION.  By  D.  R.  Fearon,  M.A.. 
Assistant  Commi.-: ioner  of  Endowed  Schools.  New  Edition: 
Crown  8vo.  2s.  6d, 

Gladstone. — OBJECT  TEACHING.  A Lecture  delivered  a:' 
the  Pupil-Teacher  Centre,  William  Street  Board  School,  Haira 
mersmith.  By  J.  H.  Gladstone,  Ph.D.,  F.R.S.,  Member  c: 
the  London  School  Board.  With  an  Appendix.  Crow. 
8vo.  3</. 

" It  is  a short  but  interesting  and  instructive  publication,  and  our  youngt;: 
teachers  will  do  well  to  read  it  carefully  and  thoroughly.  There  is  much  m thee: 
few  pages  which  they  can  learn  and  profit  by.” — The  Schooi,  Guakdian. 
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*,*  For  other  Works  by  these  Authors,  see  Theologicai 

Catalogue. 

Abbott  (Rev.  E.-  A.)— BIBLE  LESSONS.  By  the  Re-; 
E.  A.  Abbott,  D.D.,  Head  Master  of  the  City  of  Londca 
School.  New  Edition.  Crown  8vo.  4J.  6d. 

“ Wise,  suggestive,  and  really  profound  initiation  into  religious  thought ; 
— Guardian. 

Abbott — Rushbrooke. — THE  COMMON  TRADITION  03 
THE  SYNOPTIC  GOSPELS,  in  the  Text  of  the  Revisti 
Version.  By  Edwin  A.  Abbott,  D.D.,  formerly  Fellow  of  S; 
John’s  College,  Cambridge,  and  W.  G.  Rushbrooke,  M.LL 
formerly  Fellow  of  St.  John’s  College,  Cambridge.  Crown  8w 
3s.  6d. 

The  Acts  of  the  Apostles. — Greek  Text.  Edited  wi; 
Introduction  and  Notes.  By  T.  E.  Page,  M.A.  Fcap.  8vo. 

[/«  preparation 

Arnold. — A BIBLE-READING  FOR  SCHOOLS.  — TH! 
GREAT  PROPHECY  OF  ISRAEL’S  RESTORATIOj 
(Isaiah,  Chapters  xl.  ■— Ixvi.).  Arranged  and  Edited  for  You-i 
Learners.  By  Matthew  Arnold,  D.C.L.,  formerly  Profess- 
of  Poelry  in  the  University  of  Oxford,  and  Fellow  of  Oriii; 
New  Edition.  i8mo,  cloth,  is. 

ISAIAH  XL. — LXVI.  With  the  Shorter  Prophecies  allied  to 
Arranged  and  Edited,  with  Notes,  by  Matthew  Arnol:. 

Crown  Svo.  

ISAIAH  of  JERUSALEM,  IN  THE  AUTHORISED  EN>^ 
LISH  VERSION.  With  Introduction,  Corrections,  and  Notn 
By  Matthew  ArKold.  Crown  Svo.  41.  6d. 
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Benham. — a companion  to  THE  LECTIONARY.  Being 

a Commentary  on  the  Proper  Lessons  for  Sundays  and  Holy  Days. 
By  Rev.  W.  Benham,  B.D.,  Rector  of  S.  Edmund  with  S. 
Nicholas  Aeons,  &c.  New  Edition.  Crown  8vo.  4s.  6d. 

Cassel. — MANUAL  OF  JEWISH  PITSTORY  AND  LITERA- 
TURE ; preceded  by  a BRIEF  SUMMARY  OF  BIBLE  HIS- 
TORY. By  Dk.  D.  Cassel.  Translated  by  Mrs.  Henry  Lucas. 
Fcap.  8vo.  2s.  6J. 

Cheetham.— A CHURCH  HISTORY  OF  THE  FIRST  SIX 
CENTURIES.  By  the  Ven.  Archdeacon  Cheetham. 
Crown  8vo.  ihe  press. 

Cross.— BIBLE  READINGS  FROM  THE  PENTATEUCH 
AND  THE  BOOK  OF  JOSHUA.  Arranged  and  Edited  by 
Rev.  John  A.  Cross.  Globe  8vo.  [/«  the  press. 

Carteis.— MANUAL  OF  THE  THIRTY-NINE  ARTICLES. 
By  G.  H.  CURTEIS,  M.A.,  Principal  of  the  Lichfield  Theo- 
logical College.  \_In  preparation. 

Davies.— THE  EPISTLES  OF  ST.  PAUL  TO  THE  EPHE- 
SIANS, THE  COLOSSIANS,  AND  PHILEMON;  with 
Introductions  and  Notes,  and  an  Es^ay  on  the  Traces  of  Foreign 
Elements  in  the  The  T gy  of  these  Epistles.  By  the  Rev.  J. 
Llewelyn  Davies,  M.A.,  Rector  of  Christ  Church,  St.  Mary- 
lebone ; late  Fellow  of  Tri'  ity  College,  Cambridge.  Second 
Edition.  Demy  8vo.  yj.  6d. 

Drummond. — the  study  OF  THEOLOGY,  INTRO- 
DUCTION TO.  By  James  Drummond,  LL.D.,  Professor  of 
Theology  in  Manchester  New  College,  London.  Crown  8vo. 
5r. 

Gaskoin.— THE  CHILDREN’S  TREASURY  OF  BIBLE 
STORIES.  By  Mrs.  Herman  Gaskoin.  Edited  with  Preface 
by  Rev.  G.  F.  Maclear,  D.D.  Part  I. — OLD  TESTAMENT 
HISTORY.  i8mo.  ir.  Part  II. — NEW  TESTAMENT. 
i8mo.  \s.  Part  HI.— THE  APOSTLES:  ST.  JAMES  THE 
GREAT,  ST.  PAUL,  AND  ST.  JOHN  THE  DIVINE. 
i8mo.  IS. 

Golden  Treasury  Psalter. — students’  Edition.  Being  an 
Edition  of  “The  Psalms  Chronologically  an’anged,  by  Four 
Friends,”  with  briefer  Notes.  i8mo.  3^.  6d. 
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Greek  Testament. — Edited,  witli  Introduction  and  Appen- 
dices, by  Canon  Westcott  and  Dr.  F.  J.  A.  Hort.  Two  ■ 
Vols.  Crown  8vo.  los.  6d,  each. 

Vol.  I.  The  Text. 

Vol.  II.  Introduction  and  Appendix. 

Greek  Testament. — Edited  by  Canon  Westcott  and  Dr. 
Hort.  School  Edition  of  Text.  i2mo.  cloth.  4s.  (>d.  i8mo. 
roan,  red  edges.  5r.  (>d. 

The  Greek  Testament  and  the  English  Version, 
a Companion  to.  By  Philip  Schaff,  D.D.,  President, 
of  the  American  Committee  of  Revision.  With  Facsimile : 
Illustrations  of  MSS.,  and  Standard  Editions  of  the  New  Testa- 
ment. Crown  8vo.  I2r. 

Hardwick, — Works  by  Archdeacon  Hardwick.  : — 

A HISTORY  OF  THE  CPIRISTIAN  CHURCH.  Middle 
Age.  From  Gregory  the  Great  to  the  Excommunication  of 
Lutber.  Edited  by  William  Stubbs,  M.A.,  Regius  Professor- 
of  Modern  History  in  the  Univei'sity  of  Oxford.  With  Four  ■ 
Maps.  Fcmrth  Edition.  Crown  8vo.  lor.  &d. 

A HISTORY  OF  THE  CHRISTIAN  CHURCH  DURING 
THE  REFORMATION.  Fourth  Edition,  Edited  by  Professor  ■ 
Stubbs.  Crown  8vo.  lor.  6d. 

Jennings  and  Lowe. — THE  PSALMS,  WITH  INTRO 
DUCTIONS  AND  CRITICAL  NOTES.  By  A.  C.  Jennings, 
B.A. ; assisted  in  parts  by  W.  H.  Lowe.  In  2 vols.  Crown 
8vo.  loj.  6(/.  each. 

Lightfoot. — Works  by  Right  Rev.  J.  B.  Lightfoot,  D.D., 
Bishop  of  Durham  : — 

ST.  PAUL’S  EPISTLE  TO  TPIE  GALATIANS.  A Revised 
Text,  with  Introduction,  Notes,  and  Dissertations.  Seventh 
Edition,  revised.  8vo.  X2s. 

ST.  PAUL’S  EPISTLE  TO  TPIE  PPIILIPPIANS.  A Revised 
Text,  with  Inlrodiiclion,  Notes,  and  Dissertations. ; Seventh 
Edition,  revised.  8vo.  i2j. 

ST.  CLEMENT  OF  ROME— THE  TWO  EPISTLES  TO 
THE  CORINTHIANS.  A Revised  Text,  with  Introduction  and 
Notes,  8vo.  8s.  6d. 

ST.  PAUL’S  EPISTLES  TO  THE  COLOSSIANS  AND  TO 
PHILEMON.  A Revised  Text,  with  Introductions,  Notes, 
and  Dissertations,,  Seventh  Edition,  revised.  8vo.  12s. 

THE  IGN  ATI  AN  EPISTLES.  2 vols.  8vo. ' {Immediately'. 
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Maclear. — Works  by  the  Rev.  G.  F.  Maclear,  D.D.,  Warden  of 
St.  Augustine’s  College,  Canterbuiy,  and  late  Head-Master  of 
King’s  College  School,  London  ; — 

A CLASS-BOOK  OF  OLD  TESTAMENT  HISTORY.  New 
Edition,  with  Four  Maps.  iSmo.  4s.  6d. 

A CLASS-BOOK  OF  NEW  TESTAMENT  FHSTORY, 
including  the  Connection  of  the  Old  and  New  Testaments. 
With  Four  Maps.  New  Edition.  iSino.  5^.  6d. 

A SHILLING  BOOK  OF  OLD  TESTAMENT  HISTORY, 
for  National  and  Elementary  Schools.  With  Map.  i8mo,  cloth. 
New  Edition. 

A SHILLING  BOOK  OF  NEW  TESTAMENT  HISTORY, 
for  National  and  Elementary  Schools.  With  Map.  i8mo,  cloth. 
New  Edition. 

These  works  have  been  carefully  abridged  from  the  author’s 
large  manuals. 

CLASS-BOOK  OF  THE  CATECHISM  OF  THE  CHURCH 
OF  ENGLAND.  New  Edition.  i8mo.  i^.  6J. 

A FIRST  CLASS-BOOK  OF  THE  CATECHISM  OF  THE 
CHURCH  OF  ENGLAND.  With  Scripture  Proofs,  for  Junior 
Classes  and  Schools.  New  Edition.  i8mo.  6d. 

A MANUAL  OF  INSTRUCTION  FOR  CONFIRMATION 
AND  FIRST  COMMUNION.  WITH  PRAYERS  AND 
DEVOTIONS.  32mo,  cloth  extra,  red  edges.  2s. 

Maurice.— THE  LORD’S  PRAYER,  THE  CREED,  AND 
TPIE  COMMANDMENTS.  A Manual  for  Parents  and 
Schoolmasters.  To  which  is  added  the  Order  of  the  Scriptures, 
By  the  Rev.  F.Denison  Maurice,  M.  A.  i8mo,  cloth,  limp.  ir. 

Procter. — a HISTORY  OF  THE  BOOK  OF  COMMON 
PRAYER,  with  a Rationale  of  its  Offices.  By  Rev.  F.  Procter. 
M.A.  Sixteenth  Edition,  revised  and  enlarged.  Crown  8vo. 

I or.  6d. 

Procter  and  Maclear. — an  ei.ementary  intro- 
duction to  the  book  of  COMMON  PRAYER.  Re- 

aiTanged  and  supplemented  by  an  Explanation  of  the  Morning 
and  Evening  Prayer  and  the  Litany.  By  the  Rev.  F.  Procter 
and  the  Rev.  Dr.  Maclear.  New  and  Enlarged  Edition, 
containing  the  Communion  Service  and  the  Confirmation  and 
Baptismal  Offices.  i8mo,  2s.  6d. 
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The  Psalms,  with  Introductions  and  Critical 
Notes. — By  A.  C.  Jennings,  B.A.,  Jesus  College,  Cambriilge, 
Tyrvvhitt  Scholar;  Cro'se  Scholar,  Hebrew  University  Prizen  an, 
and  Fry  Scholar  of  St.  John’s  College,  Cams  and  Srhilefield 
PrizeiTiHn,  Vicar  of  Whittlesforri,  Cambs.  ; assisted  in  Parts  by  W. 
H.  Lowe,  M.A.,  Hebrew  Lecturer  and  late  Scholar  of  Christ's 
College,  Cambridge,  and  Tyrwhitt  Scholar.  In  2 vols.  Second 
Edition  Revised.  Crown  8vo.  lox  6d.  each. 

Ramsay. — TFIE  CATECHISER’S  MANUAL;  or,  the  Church 
Catechism  Illustrated  and  Explained,  for  the  Use  of  Clergymen, 
Schoolmasters,  and  Teachers.  By  the  Rev.  Arthur  Ramsay, 
M.A.  New  Edition.  i8mo.  is.  6d. 

Simpson. — an  EPITOME  OF  THE  HISTORY  OF  THE 
CHRISTIAN  CHURCH.  By  William  Simpson,  M.A.  New 
Edition.  Fcap.  8vo.  3r.  6d. 

St.  John’s  Kpistles. — The  Greek  Text  with  Notes  and  Essays, 
by  Brooke  Foss  Westcott,  D.D.,  Regius  Profe.ssor  of  Divinity 
and  Fellow  of  King’s  College,  Cambridge,  Canon  of  Westminster, 
&c.  8vo.  I2s.  6d. 

St.  Paul’s  Epistles. — Greek  Text,  with  Introduction  and 

Notes.  . . , 

THE  EPISTLE  TO  THE  GALATIANS.  Edited  by  the  Right 
Rev.  J.  B.  Lightfoot,  D.D.,  Bishop  of  Durham.  Seventh 
Edition.  8vo.  i2j. 

THE  EPISTLE  TO  THE  PHILIPPIANS.  By  the  same  Editor. 
Seventh  Edition  8vo.  12s. 

THE  EPISTLE  TO  THE  COLOSSIANS  AND  TO.  PHI- 
LEMON  By  the  same  Editor.  Seventh  Edition.  8vo.  I2s. 

TFIE  EPISTLE  TO  THE  ROMANS.  Edited  by  the  Very  Rev. 
C.  J.  Vaughan,  D.D.,  Dean  of  Llandaff,  and  Master  of  the 
Temple.  Fifth  Edition.  Crown  8vo.  ‘js.  6d. 

TFIE  EPISTLE  TO  THE  PFIILIPPIANS,  with  Translation, 
Paraphrase,  and  Notes  for  English  Readers.  By  the  same  Editor, 

THE  EPISTLe\o  THE  THESSALONIANS,  COMMENT- 
AKY  on  the  GREEK  TEXT.  By  John  Eadie,  D.D.,  LL.D. 
Edited  by  the  Rev.  W.  Young,  M.A.,  with  Preface  by  Professor 

THE  EP^ISTLES  TO  THE  EPHESIANS,  TFIE  COLOSSIANS, 
and  PHILEMON;  with  Introductions  and  Notes,  and  an 
Essay  on  the  Traces  of  Foreign  Elements  in  the  Theology  of  these  ■ 
Epistles.  By  the  Rev.  J.  Llewelyn  Davies,  M-  A.,  Rector  of 
Christ  Church,  St.  Marylebone ; late  Fellow  of  Trinity  College, 
Cambridge.  Second  Edition,  revised.  Demy  8vo.  7s.  bd. 
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The  Epistle  to  the  Hebrews.  in  Greek  and  English. 
Wilh  Critical  and  Explanatory  Notes.  Edited  bv  Rev.  Frederic 
Kendall,  M.  A.,  formerly  Fellow  of  Trinity  College,  Cambridge, 
and  Assistant-Master  at  Harrow  School.  Crown  8vo.  6s, 

Trench. — Works  by  Richard  Chenevix  Trench,  D.D. 

NOTES  ON  THE  PARABLES  OF  OUR  FORD.  Fourteenth 
Edition,  revised.  8vo.  I2s. 

NOTES  ON  THE  MIRACLES  OF  OUR  LORD.  Twelfth 
Edition,  revised.  8vo.  izf. 

COMMENTARY  ON  THE  EPISTLES  TO  THE  SEVEN 
CHURCHES  IN  ASIA.  Third  Edition,  revised.  8vo.  8s.  6J. 

LECTURES  ON  MEDIEVAL  CHURCH  HISTORY.  Being 
the  substance  of  Lectures  delivered  at  Queen’s  College,  London. 
Second  Edition,  revised.  8vo.  12s. 

SYNONYMS  OF  THE  NEW  TESTAMENT.  Ninth  Edition, 
revised.  8vo.  12s. 


Westcott. — Works  by  Brooke  Foss  Westcott,  D.D.,  Canon  of 
Westminster,  Regius  Professor  of  Divinity,  and  Fellow  of  Iving’s 
College,  Cambridge. 

A GENERAL  SURVEY  OF  TPIE  HISTORY  OF  THE 
CANON  OF  THE  NEW  TESTAMENT  DURING  THE 
FIRST  FOUR  CENTURIES.  Fifth  Edition.  With  Preface  on 
“ Supernatural  Religion.”  Crown  8vo.  10s.  6d. 

INTRODUCTION  TO  THE  STUDY  OF  THE  FOUR 
GOSPELS.  Fifth  Edition.  Crown  8vo.  loj.  6d. 

THE  BIBLE  IN  THE  CHURCH.  A Popular  Account  of  the 
Collection  and  Reception  of  the  Holy  Scriptures  in  the  Christian 
Churches.  New  Edition.  i8mo,  cloth.  4J.  6d. 

THE  EPISTLES  OF  ST.  JOHN.  The  Greek  Text,  with  Notes 
and  Essays.  8vo.  I2r.  6d, 


THE  EPISTLE  TO  THE  HEBREWS.  The  Greek  Text 
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